This is the season when bleary-eyed, sneezing 


patients turn to you for the rapid, sustained 


relief of their hay fever symptoms which 


BENADRYL provides. 


Today. for your convenience and ease of 


administration, BENADRYL Hydrochloride 


(diphenhydramine hydrochloride, Parke-Davis) 


is available in a wider variety of forms than 


ever before including Kapseals®, Capsules, 


Elixir and Steri-Vials®. 
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INDUSTRIAL DERMATITIS 
CAN BE PREVENTED.... 


Sixteen years’ research by our laboratory has gone into finding the answers 
to the prevention of industrial dermatitis. Now that we know the controls 


to be used in cases of dermatitis caused by industrial exposures, we are 


ready to make these answers available to medical men in plants and 
industrial clinics. 


USE OUR FREE PLANT SURVEY SERVICE 


The doctor in charge of our laboratory and his entire staff are available to determine 
the causes of industrial dermatitis by actual physical survey in plants under your juris- 
diction. THE ENTIRE SURVEY WILL BE MADE WITHOUT COST. Write to us describing 
the nature of plant operations, materials handled, noticeable effects and any other 
pertinent data. That is all! We will send a field representative, or technical staff if 
additional data is needed. All of this service is FREE — You will not be billed for one cent. 


Manufacturers of Ply Cream, PLY-GARB protective clothing, and PLYGLOVS. 
THE MILBURN CO. 22/203, 

@ DETROIT 7, MICHIGAN 
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MEDICAL RESEARCH COUNCIL 


GREAT BRITAIN | Ch I ld 
Some Recent Publications | H ea l t h 


Report of the Medical Research Council 


for the years 1945-1948 (Cmd. 7846) | Bad Habits in Good Babies. Herman M. Jahr. 16 pages. 
Price $1.25 including postage | 15 cents 


Studies in Air Hygiene. By R. B. Bourdillon, What Does Your Baby Put in His Mouth? Chevallier 

©. M. Lidwell, and J. E. Lovelock, with W. C Jackson and Chevalier L, Jackson. Tells how to pre- 

Cawston, L. Colebrook, F. P. Ellis, M. van den vent accidents from choking and what to do if they 

Ende, A. M. MacFarlan, A. A. Miles, W. F happen. 24 pages. 10 cents 

Raymond, E. Schuster and J. C. Thomas. Special 

Report Series No. 262. 
Price $1.70 including postage —— of the Crying Baby. Herman M. Jahr. 4 pages 

cents 


Keeping Your Baby Well. 22 pages. 10 cents 


Infection and Sepsis in Industrial Wounds : : 
of the Hand. By R. E. O. Williams and A, A. What to Do About Thumb Sucking. Willlam 1. Fistibein 
Miles. Special Report Series No. 266. [a 

Price 40¢ including postage Lefthandedness. Paul Popence. 8 pages. 10 cents 


Researches on the Measurement of Human Adoption. W. Allison Davis and Theo Carlson. An 
Performance. By N. H. Mackworth Spectal | understanding discussion of the best ways to adopt 
Keport Series No. 268 | children and rear them. 12 pages. 15 cents 
Price $1. including pene | Protecting Your Child from Allergy. William Gayle 
GOVERNMENT PURLICATIONS Sectionat Lust Roberts. pages. 10 cents 
No, 12. (1949 
The Facts About Sex. Audrey MrKeever 16 pages, 
\ catalogue of the publications of the Medical Research 15 cents, 
Council and their Industrial Health Research Board. 
Free of Charge semit with order 
Obtuinable from 


BRITISH INFORMATION SERVICES |. AMERICAN MEDICAL 
30 Rockefeller Plaza New York, 20 535 N. Dearborn St. © Chicago 10 
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-»-Nasal Engorgement Reduced 
Soreness, Congestion Relieved 
Aeration Promoted 
-»-Drainage Encouraged 


with 


When Neo-Synephrine comes in contact with the 
swollen, irritated mucous membrane of the nose, the patient 
soon experiences relief. 


This powerful vasoconstrictor acts quickly to shrink engorged mucous 
membranes, restoring easy breathing, and promoting free drainage. 


The prolonged effect of Neo-Synephrine makes fewer applications 
necessary for the relief of nasal congestion — permitting longer 
periods of comfort and rest. 


Neo-Synephrine does not lose its effectiveness on repeated 
application . . . It may be employed with good results 

throughout the hay fever season . . . It is notable for 
relative freedom from sting and absence of 
compensatory congestion . . . Virtually no 
systemic side effects are produced. 


Supplied as: 
“% and 1% in isotonic saline solution 
—1 oz. bottles. 

%% in aromatic isotonic solution of 
three chlorides—1 oz. bottles. 

%% water soluble jelly—% oz. tubes. 


= 


New York 13,.N. Y. Winosor, Ont. 


inc. 


Neo-Synephrine, trademark reg. U. S. & Canada 
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APPROVED 
RESPIRATORY 
PROTECTIVE 
EQUIPMENT 


Since the very beginning of the war on 
occupational diseases ot the respiratory 
system, Willson has cooperated wit 
outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 
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WILLSON 


Dependable Produets Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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Archives of Industrial Hygiene and Occupational Medicine 


Votume 2 JULY 1950 NuMpBer | 


Copyagicut, 1950, sy tue American Mepicat Asseciarion 


ABSORPTION AND ELIMINATION OF INHALED 
BENZENE IN MAN 


J. SRBOVA, M.D. 
J. TEISINGER, M.D. 
AND 
S. SKRAMOVSKY, M.D. 
PRAGUE, CZECHOSLOVAKIA 


ig PROVED laboratory and experimental methods make it possible to 
revise and supplement many of the older toxicologic findings. We 
have reexamined the problem of the absorption and elimination of ben- 
zene inhaled by human lungs. This question was discussed in some 
detail for the first time by Lehmann ' and his co-workers in 1910. He 
determined at that time that during the first fifteen minutes 80 per cent 
ot the inhaled benzene is absorbed by the lungs, but he could not proceed 
further, because the quantity of benzene used in his experiments was too 
high. As to the elimination, he found that during the desaturation 
period the animals excrete via the lungs 40 to 45 per cent of the retained 
benzene. In 1934 Gueffroy * reported a far higher percentage, 77 to 85 
per cent. The literature generally indicates values of 50 to 70 per cent. 
The matter was studied in animals by Schrenk, Yant, learce, Patty and 
Sayers * (1941), who devoted themselves mainly to the study of the dis- 
tribution of the absorbed benzene, the relation between the concentrations 
of benzene in the air inhaled and in the blood, and the decrease of the 
concentration of benzene in the blood during the desaturation period. 
Similarly, R. and A. Fabre * (1946) studied the distribution of benzene 


From the Clinic of Occupational Medicine, Charles University. 


1. Lehmann, K. B.: Quantitative Untersuchungen uber die Aufnahme von 
Benzol durch Tier und Mensch aus der Luft, Arch. f. Hyg. 72:307, 1910 


2. Gueffroy, W.: Inhalationsversuche an Tieren zur Bestimmung des oxyda- 
tiven Abbaus von eingeatmetem Benzol und Toluol, Dissertation, Hannover, 1934, 
in Lehmann, K. B., and Flury, F.: Toxikologie und Hygiene der technischen 


Lésungsmittel, Berlin, Julius Springer, 1938 

3. Schrenk, H.; Yant, W. P.; Pearce, S. J.; Patty, F. A., and Sayers, R. R.: 
Absorption Distribution and Elimination of Benzene by Body Tissues and Fluids 
of Dogs Exposed to Benzene Vapor, J. Indust. Hyg. & Toxicol. 23:20, 1941 

4. (a) Fabre, A.: Sur le métabolisme des hydrocarbures cycliques, Bull. Soc. 
chim. biol. 28:762, 1946. (b) Fabre, R.; Fabre, A., and Vacquier, M.: Etude 
toxicologique sur le benzenisme, Bull. Acad. de méd., Paris 128:534, 1944 
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INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


in animal tissues, and in other reports they drew attention to the late 
excretion of the benzene. Up to 1943 we mainly considered the question 
of the coefficient of the distribution of benzene between air and blood * 
and of the excretion of benzene in the urine. Evidently, the absorption 
and elimination of benzene in man has not been systematically studied 
since Lehmann. There is considerable information: in the literature on 
the metabolism of benzene ; however, this question is not discussed in this 
paper 
METHODS 


The experimental procedures were the same as those described in our paper 
dealing with the absorption and elimination of carbon disulfide.*? The volunteer 
human experimental subjects inhaled a mixture of air and benzene through a one 
way inspiratory valve from a mixing bottle, and the exhaled air was passed into 
another bottle, which was connected with a gasometer. Benzene was evaporated 
from a small bottle which had been placed in a thermostat at 50 C. The evolved 
benzene vapors were drawn by a regulated air flow into tubes placed in front of 
the mixing bottle, where they were mixed with air from a bomb. The rate at 
which air flowed from the bomb was regulated by the usual mechanism (25 L. 
per minute), The concentrations of benzene used were from 150 to 350 ag. per 
liter (47 to 110 p.p.m.). Sometimes during the experiment slight variations occur- 
red which on the whole had little influence on the results. In this way the 
experimental subjects inhaled the mixture of air and benzene usually for 2 hr., 
in some instances even for 3 hr. During the experiment, samples of the inhaled 
and exhaled air were analyzed every 15 min.; blood was also taken and analyzed 
at different times. Every 15 min. the quantity of the exhaled air was registered 
on the gasometer,. 

Immediately after cessation of the breathing of benzene-laden air, blood was 
taken for analysis, and the experimental subjects were required to rest (sitting). 
The exhaled air was collected at 30 min. intervals in glass cylinders and later 
analyzed. In this way the amount of benzene eliminated has been followed to its 
complete disappearance, i. ¢., to the limit of analytic sensitivity (3 ag. per liter), 
in many instances. The amount of benzene excreted in the urine at different times 
was followed until it disappeared completely (the lower limit of sensitivity of the 
method employed is 5 #g. per liter}. For the determination of benzene we have 
used our own polarographic method (Teisinger-Skramovsky*%). This quick 
method proved to be very advantageous, because during one experiment it was 
necessary to perform up to 50 analyses, and on the whole more than 1,400 analyses 
of air, blood and urine were performed 


5. Teisinger, J., and Skramovsky, S.: Sur la courbe de saturation du benzéne 
dans le sang, Arch. d. mal. profess. 8:257, 1947 

6. Teisinger, J., and Skramovsky, S.: The Importance of Determination of 
Benzene in Urine of Workers Exposed to Benzene, Casop. lék. éesk. 84:523, 1945: 
Importance du dosage du benzéne dans I’ urine des ouvriers qui travaillent dans le 
benzol, Acta med. leg. et soc. 1:593, 1948 


7. Teisinger, J., and Soucek, B.: Absorption and Elimination of Carbon Disul- 
phide in Man, J]. Indust. Hyg. & Toxicol. 31:67, 1949 


8. Skramovsky, S., and Teisinger, | Le microdosage polarographique du 
benzéne dans les liquides biologiques et dans lair, Arch. d. mal. profess. 8:22, 1947. 
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Twenty-seven experiments were made on 23 subjects (students and laboratory 


assistants) who did not differ very much from each other in body weight. Knowing 
the volume of air breathed, we could work out from the differences between the 
concentrations of benzene in the inhaled and the exhaled air the amount of benzene 
retained in the body. During the desaturation period we could determine the 
amount of benzene excreted by the lungs and the kidneys (see table) and study 
the relations between the lung ventilation and the blood level of benzene 


Experiment 27 


Concentration of 
Benzene in Air Quantity of Coneentra 
_ ~ - —~ Benzene in Air tion of 
Inhaled Exhaled Quantity - ‘ Benzene jo 
Air, ug Air, ag. of Inhaled Inhaled Exhaled Retention, Blood, ag 
per Liter per Liter Air, Liters Air, Mg Air, Me per Cent per Liter 
306 29 17 
306 . 16 62 7.5 
3065 135 12.9 
324 153 106 15.3 
304 105 16.6 
43 6.1 


4.7 17.3 


189.) 87.4 


Desaturation by the Lungs Desaturation by the Kidneys 
Concentration 
of Benzene in Quantity of Benzene 
Exhaled Air, Quantity of Quantity of 
ug. per Liter Benzene, Me Urine, Ce ag. per Liter ag.—-Absolute 
13.5 205 
8.1 lan 16 
5.9 196 


‘ 


2 2 126 


2 


1. 
1. 5 
1. 
2. 


Sum 45.7 
05 
Retained during the saturation period 101.7 mg. = 53.9% of the inhaled benzene 
Elimination during desaturation: 
By the lungs during 890 min 16.8 mg. = 16.5% of the retained benzene 
By the kidneys during 12 hr.............- rng. = 0.06% of the retained benzene 


Metabolized In the tissues. of the retained benzene 


AMOUNT OF BENZENE ABSORBED BY THE LUNGS 


The relation between the amount of benzene absorbed and the time 
may be observed on the curves shown in chart | representing the aver- 
ages of various groups of subjects. The absorption is greatest in the 
first 5 min. ; however, it decreases rapidly thereafter, becomes fixed after 
15 min. and afterward decreases slowly. Toward the end of the first 
hour the absorption varies between 20 and 60 per cent of the inhaled ben- 
zene; toward the end of the second, between 20 and 50 per cent. A 
rapid decrease of rate of absorption is not obvious with the concentra- 
tions used. With these low concentrations the rate of absorption will 
probably reach zero after many hours. Individual differences may be 
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observed in the diagram. The variation of absorption is particularly 
striking in curves 3 and 5, where the retention amounts to only 20 to 
40 per cent. This group includes only the minority of cases ; the major- 
ity of experimental subjects absorb 50 per cent on the average. Lehmann 
has observed these differences in animals and tried to explain them as 
follows: The tissues of subjects with low absorptive capacity become 
quickly saturated and are unable to absorb more benzene under the 
given conditions; in subjects with high absorptive capacity, oxidizing 
processes, which metabolize the absorbed benzene, seem to take place 
very quickly, and new absorption of benzene is made possible. In cases 


60 


time in minutes 
30 45 60 75 90 


Chart 1.—Average retention of inhaled benzene. 


with low absorptive capacity the oxidation process does not take place 
so quickly. It seems to us that this explanation is still acceptable even 
in the light of present knowledge of the body's abs« irption of vapors and 
gases (chart 1) 

In his experiments with minced tissues, A. Fabre observed that the 
oxidizing processes of the liver take place very quickly. Of the benzene 
added to minced liver, a considerable part was utilized after 5 min. and 
more than half after 2 hr. Rejsek has had the same results in his experi- 
ments with dinitrobenzene 

It would be simple to explain these differences by differences in the 
fat contents of the organism. But we have observed these differences 
even in persons who did not differ from each other in body weight and 
were of the same leptosome type; on the whole, all our experimental 
subjects were slim persons. But we have not experimented with a 
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distinctly adipose person. This problem could be solved by the study 
of the metabolic products of benzene. We are studying this question; 
however, our work is still in the experimental stage. The various 
experimental subjects retained 33 to 198 mg. of benzene during 2 hr. 
of inhalation. The volunteers had no subjective troubles. At the end 
of the inhalation experiment, the blood levels of benzene had not reached 
the values required by the coefficient of distribution between blood and 
air, which is 7.78; this coefficient of distribution was determined for 
human blood in vitro (Teisinger-Skramovsky). It is therefore evident 
that equilibrium between the concentrations of benzene in the air and in 
the blood was not achieved because the duration of the experiment was 
too short. From a detailed study of absorption curves constructed by 
Schrenk and his co-workers from experiments on animals it is obvious 
that even in animals equilibrium is achieved only after a long period. 


AMOUNT OF BENZENE ELIMINATED BY THE LUNGS IN THE 
DESATURATION PERIOD 


In 10 cases the benzene desaturation of the lungs was followed 
until the end; the inhaled air contained 150 to 268 yg. per liter (47 to 
&4 p.p.m.). From 16.4 to 41.6 per cent of the retained benzene was 
eliminated within 5 to 7 hr.; only 1 experimental subject eliminated as 
much as 59.6 per cent within 9 hr. The rate of elimination of benzene 
is greatest during the first hour; afterward it decreases slowly until the 
eliminated benzene reaches such a low concentration as to be practically 
unmeasurable. It is certain that there exists a relation between the rate 
at which benzene is eliminated by the lungs and the blood level of 
benzene. We have succeeded in expressing this relation mathematically 
by comparing the elimination of benzene during different periods of 
desaturation with the measured amount of benzene in the blood. 

If the benzene blood level at the beginning of the desaturation period 
and the benzene blood levels at the following intervals are known, it is 
possible to calculate the rate of decrease of the benzene blood level. 
The decrease follows a logarithmic curve, because the rate of decrease 
of the benzene blood level is proportional to the actual blood level. The 
relation is therefore 


(a — x) 


where a represents the quantity of benzene in the blood at the beginning 
of the experiment, and x its deerease by time (ft) in minutes. The 
constant K, may be calculated from the integrated form of the equation 
K, = 23% log 

t a 


These equations give the rate of decrease and the total decrease of 
benzene in the blood. Similarly, knowing the concentrations of benzene 
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in the exhaled air during the desaturation period, we could calculate 
how quickly the concentration decreases; it is expressed by the same 
relations with a new constant A, in place of K,. 

Theoretically, the ratio of these constants, A,:A,, should equal 1, 
but in our experiments on human subjects this ratio varied from 0.5 
to 1.8—in exceptional cases, from 0.2 to 3.3. These differences are 
caused partly by experimental errors and partly by the ability of the 
human body to metabolize benzene. 

Chart 2 shows the diminution of the amount of benzene in the blood 
and in the air. From this mathematical ratio, practically the total 
quantity of exhaled benzene may be calculated according to the formula 


z, , where n means the breathing rate. 


28 
_ EXPERIMENT 17 
2 


time in hours 


Chart 2.—Average rates at which inhaled benzene is eliminated trom the blood 
and the lungs. 


For example: In experiment 17, when inhalation was discontinued 
(i, e., at time te=0) the blood contained 545 yg. of benzene per liter 
(=a); 240 min. later the blood contained 176 wg. of benzene per liter 
(wax fe=240). Here the equation is as follows: 


K, = . log == 0.00471 


For experimental reasons we have, in our study, determined the 
concentration of benzene in the blood at shorter intervals than are 
necessary for practical purposes. At the beginning of the desaturation 
period the concentration of benzene in the expired air cannot be deter- 
mined experimentally, as the value determined experimentally would be 
higher than the real value because of the benzene remaining in the upper 
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respiratory passages. But this initial value may be calculated from other 
experimentally determined concentrations of benzene in the expired air 
from the equation 


kK, 2.303 log a 


te a 

Thus, for example, if a—ar,—22.2 pg. per liter, a—r,—7.2 pg. per 
liter, t,;=60 and t,—360, we obtain K,=0.00375. Substituting in the 
fundamental equation, we find a—=27.8 yg. per liter. The quotient 

Ks 

1.255. 
For calculating the total amount of benzene excreted through the lungs, 
we use the equation a <eseti 44.47 mg. of benzene (nm=6 L. per 
minute ). 


Experimentally we found only 29.5 mg. of benzene. 


AMOUNT OF BENZENE ELIMINATED BY THE KIDNEYS 


We have measured the entire diuresis in our volunteers and deter- 
mined the quantity of benzene in various samples of urine until its 
disappearance. We have found that the amount of benzene eliminated 
by the kidneys is unusually small and amounts to only 0.07 to 0.2 per 
cent of retained benzene. Benzene is excreted in a very long and irregular 
period of from 25 to &3 hr. Slow elimination of small amounts of 
benzene after a long interval is probably due to slow elimination from 
fat tissue. This effect we observed several years ago while examining 
workers exposed to benzene (Teisinger and Skramovsky *), and others 
(Fabre, Fabre and Vacquier *°; Schrenk and co-workers *) have made 
the same observation. 

The results of our experiments indicate that a considerable part of 


the benzene is eliminated by the lungs and an insignificant quantity by 
the kidneys; the greatest part of the absorbed benzene, which may 
amount to from 52 to 70 per cent, is retained in the organism and is 
metabolized. 


SUMMARY 

Benzene concentrations in inhaled and exhaled air and in blood and 
urine were followed for 2 to 3 hr. in 27 experimental studies on 23 
subjects who inhaled benzene vapors in concentrations of 150 to 350 
ug. per liter (47 to 110 p.p.m.). The benzene was determined by the 
polarographic method. 

It was ascertained that the rate of absorption of benzene is highest 
in the first few minutes of inhalation (70 to 80 per cent) ; afterward it 
drops quickly and in the majority of cases stays at 50 per cent during 
the test period (in some cases, at 20 to 40 per cent). During the test 
period an equilibrium between blood and air levels of benzene was 
not achieved. 
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In the desaturation period 30 to 50 per cent of the absorbed benzene 
is eliminated by the lungs, while the quantity of benzene eliminated by 
the kidneys is insignificant (0.1 to 0.2 per cent), and the elimination 
continues for a long time. Benzene which is not excreted by the lungs 
or the kidneys remains in the body and is metabolized (50 to 70 per 
cent, exceptionally more). 


On the basis of the experimental results, the decrease of the quantities 
of benzene in the blood and the exhaled air was calculated during the 
desaturation period, and it was ascertained that both quantities are 
related to the actual quantity of benzene in the blood, according to a 


logarithmic curve. The ratio between the rate constants of desaturation 
in blood and exhaled air is near to 1. From this mathematical relation 
itis possible to work out the time necessary for the benzene to be 
practically eliminated from the body. This possibility could be of 
importance in determining the work hazard in recommending working 
periods and leaves. 
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THE CHRONIC ILLNESS COMMISSION 


Its Relation to Industrial Medicine 


MORTON L. LEVIN, M.D. 
Director, Commission on Chronic Iliness 
CHICAGO 


HE CHRONIC IIIness Commission is a national voluntary agency 

recently founded by, and now closely associated with, the American 
Medical Association, the American Public Health Association, the 
American Hospital Association and the American Public Welfare 
Association. 

The formation of the commission represents agreement of the pro- 
fessional groups concerned with health that the chronic illnesses are now 
the greatest causes of disability and death and that they present 
especially complex social and economic as well as medical problems. 
The present piecemeal, “one disease at a time” approach has great 
public appeal—but there is need also to pool resources and combine 
efforts in order to meet problems common to all or to many chronic 
illnesses, such as, for example : mse finding, which should not be confined 
to a search for just one disease; rehabilitation, the principles of which 
apply to any chronic disability; improved home care, or nursing home 
care, or the planning of hospital facilities for chronic illness. Thus the 
prime function of the commission is to determine the most useful ways 
of bringing about the needed cooperation of existing community agencies 
and efforts. 

The commission was not created to duplicate the work of any existing 
organization. Its functions are (a) to gather and collate information 
regarding chronic illness from all agencies and to make this information 
available to all, (+) to bring together different agencies in meeting 
common problems relating to chronic illness and (c) to point out, 
foster or cafry out investigations and surveys of administrative and 
technical problems relating to chronic illness. In other words, the com- 
mission’s prime job is that of an integrative, coordinating agency—an 
agency where the many different approaches to the problem may be 
brought together. 

The commission has not been created as a permanent organization. 
It will survey the whole field of chronic illness, make such studies as 


Read at the Tenth Annual Congress on Industrial Health, New York, Feb. 20, 
1950. 
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are indicated, prepare comprehensive national, state, regional and local 
plans, and then go out of business. It is quite possible that after 
this job—which it is expected will take three to five years-—is finished, 
some phases of the commission's work, such as, for example, the pro- 
viding of consultation service to communities, may need to be continued 
permanently by some successor to the commission 

In a “Joint Statement on Planning for the Chronically Il,” made in 
October 1947 by the four sponsoring organizations of the commission, 
the important role now being played by industry in fostering the preven 
tive aspects of chronic illness was emphasized. Industrial medicine has 


pioneered in this field—in those industries and business organizations 


which have developed periodic diagnostic evaluations of their executives 
and employees designed chiefly to uncover in the preclinical or subclinical 
stage impairments in health which, if continuing unchecked or unad- 
justed to, will later result in chronic illness or disability. 

The importance of industry in any efforts to coordinate present 
resources against chronic illness 1s recognized also in the membership 
of the commission, which includes prominent representatives of industry 
and labor. 

Industry and business have a great practical interest in the problem 
of chronic illness. A partial example of the present industrial importance 
of chronic illness is afforded by the experience of the few states which 
now have disability benefit laws: In California, with a seven day wait- 
ing period, the average duration of compensated disability is nine weeks 
(1947). Even among the comparatively young and favorably selected 
population covered by this program, however, almost half (47 per cent) 
of the time lost and benefits allowed is due to chronic illnesses, with 30 
per cent of these running beyond the maximum of twenty-three weeks 
allowed under the law. 

\lthough chronic illness, with its acute exacerbations, accounts for 
a large amount of labor time lost to nonoccupational illness, it probably 
accounts for even greater loss in terms of relative inefficiency while on 
the job, It may well be that careful and frequent checking for early 
signs of chronic illness, especially among workers such as airplane pilots 
or railroad engineers, might help avoid disasters caused by man-power 
failure or error. The fear of chronic illness and resulting partial or total 
disability represents a large segment of the problem of security and is 
back of a good many of the demands made by labor for various means of 
increasing security. 

Short term illness has lost a good deal of its terror, both medically 
and economically, and is continually losing more in consequence of sick- 
ness insurance, hospital insurance and disability insurance. But the 
medical and economic problems of long term illness remain largely 
unsolved. There is increasing awareness of the need for providing the 
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worker with some cushion against so-called catastrophic acute illness, 
but no one has yet come forward with a good, well accepted formula for 
assuring support during a long term illness resulting in complete or 
partial permanent disability. The problem is economic and social as 
well as medical. 

Industry now recognizes that the worker must be considered as a 
whole person—at home, in his family and in his social relationships 
if he is to function fully and most effectively as part of the production 
team. The prevention of chronic mental or physical illness or the preven- 
tion of chronic subclinical pathologic changes from progressing into 
clinical disabling chronic illness is thus an important aspect of health 
maintenance in industry and involves social and familial as well as purely 
medical problems. 

Industry can—and some industries do—play an important part in 
preventing chronic illness by emphasizing education and early detection 
and by teaching the worker to adjust to such disability as already exists 

Industry has an equally important future role to play in finding and 
developing places for productive work where persons partially disabled 
by chronic illness but rendered fit by rehabilitation may take on remu- 
nerative employment. In this task, however, industry may well expect 
special assistance from the community as a whole, since providing these 
persons with employment is an important element in their medical and 
social management and will save the community many dollars otherwise 
expended in supportive care. 

In meeting disaster, or preparing for it, both quality and quantity of 
man-power will be decisive. Successful efforts to extend control over 
chronic impairments of health will not only salvage otherwise wasted 
skills and man-hours. It will also improve the health, the quality and the 
effectiveness of workers and executives. Thus, in cooperating against 
chronic illness people not only help defend their way of life, they make it 
all the more worth fighting for. 

The ultimate goal of the Commission on Chronic Illness is to see 
each community undertake an aggressive, realistic, coordinated program 
for the prevention, control and care of chronic illness. Industrial medi- 
cine, which has daily experience in dealing with complex relationships 
between work, environment and health and an increasing orientation 
toward preventive health measures, may well be expected to take a 
leading part in these programs. 
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WE NEED TO BE UNIFIED 
(Medical—Nursing—Management Relationships) 


GLADYS L. DUNDORE, R.N. 
Executive Secretory, American Association of Industrial Nurses, Inc. 
NEW YORK 


HE UNITED STATES of America is an industrial nation. Its 

most valuable asset is a healthy working population. The realiza- 
tion of this fact has brought a great expansion and integration of indus- 
trial health activities. It has also brought to everyone concerned with 
these programs a new and complex set of problems. 

Our concern is no longer just the man’s cut thumb. It is the whole 
man and his environment—both within the plant and in the community. 
It goes beyond physical considerations to include his morale, and his 
good will, together with physical well-being, bring him to his highest 
productive powers. The degree to which we approach these objectives 
is the degree to which the worker, the employer, the community and 
the nation profit. 

The industrial health program, as it has moved from a first aid 
station on the edge of the plant into the heart of production, was 
influenced in the main by two things—the emphasis on conservation of 
human resources and the kaleidoscopic advances of medical science. 

We stand today proud of a splendid record of accident reduction, 
rehabilitation and health promotion. As we contemplate the next steps 
in this expanding program, the most pressing and obvious need is 
integration of our forces. KEach of us needs to understand our common 
objectives, our individual responsibilities and our interdependence 
In simple terms, “We need to be unified, first in thought—then in 
action.” 

\gain and again, in all the affairs of mankind, there is demonstrated 
the urgency of dropping the barriers between interdependent groups and 
fitting the actions of one into the program of the whole. 

\mong today’s new and urgent problems, the question of what con- 
stitutes medical supervision demands our most careful thinking, for it is 
fundamental to the success of any modern program of industrial health 
Conditions have changed from the simpler days. A new philosophy is 


needed as the work of both physician and nurse becomes more complex 


Read at Tenth Annual Congress on Industrial Health, New York, Feb, 21, 
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Our main problem today revolves around the nurse in the small 
industry where there is no medical direction at all or where the physician, 
on a per case basis, is (rightfully) unwilling to assume medical responsi- 
bility for the over-all plant health service. We have no problem in large 
industries where full time medical supervision is at hand. However, 
since approximately 90 per cent of American enterprise is small industry 
and since interest in health service for this group is growing, we have 
a problem of major proportions. 

“Standing orders,” written and signed by the physician, are com- 
monly a set of medical procedures for the industrial nurse to follow 
mainly in emergency or in the initial approach to the patient, with the 
added purpose of aiding her in screening out large numbers of workers 
coming to the clinic who obviously are not in need of medical care. 

However, standing orders, as we know them, are by no means a 
solution to the question of medical direction and adequate protection of 
patients because : 

- they are net and cannot be a substitute for medical direction, 
they are a set of general rules rather than a specific order regard- 
ing a specific patient with a specific diagnosis, 
they require the nurse to make a “tentative diagnosis” before 
applying treatment, 
they are of no value unless signed by a physician, and 
they cannot include all the possible hazards of accident and 

illness. 


Ideally, and under a strict interpretation of the law, a doctor should 
be on hand to diagnose and prescribe treatment for every patient 
requiring diagnosis and treatment. Practically, the ideal cannot be 
achieved in many instances. A variety of factors are involved. The 
industrial health program is still, in a number of aspects, in a state 
of evolution. Its full economic and social values, as well as its needs 
are not fully realized, especially in small industry. 

While management has come a long way in preferring professional 
nursing service to the foreman’s first aid kit, the thinking of many 
employers has not yet advanced to the employment of a physician, though 
our effort is constantly in this direction. In some instances, a physician, 
as well as a nurse, is employed, but the physician is either on a per case 
or on call basis. In other instances the physician is available only 
as a consultant. 

lwo alternatives have, in the past, faced the nurse encountering the 
situation in the small industry. Either she has refused employment that 
does not include medical direction or she has sought the protection of 
standing orders. Qualified nurses recognize that by law, by tradition 
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and by the rules of common sense, every nursing procedure must stem 
from a physician’s diagnosis and plan of treatment. 

The majority of nurses in small plants today have accepted the 
second alternative, that of working under standing orders. Yet too 
many find it extremely difficult to obtain a physician's signature to any 
set of standing orders. The alternative of refusing to work without 
medical direction has two aspects. The need for some kind of health 
service is constantly being driven home to industry. We look on the 
employment of the nurse as the entering wedge to a professional service. 
Her refusal to come in leaves the door wide open for the employment of 
either nonprofessional or unethical professional nurses. The past has 
given us many unhappy examples of the danger involved in_ this 
eventuality. A professional nurse surely would not open a carbuncle 
with a common pin, thereby crippling a man for life. Yet this has 
happened and is not an unusual example of nonprofessional treatment. 

Of equal importance would be the retarding effect of such a move 
on the industrial health program. It would keep all the activities in a 
strictly first aid category. Our veteran professional nurses have made 
a very distinct contribution in the field of health education and human 
relations in industry, and, furthermore, they will continue to do so. 
Their whole effort continues to be to gain medical supervision, because 
nurses recognize that the physician captains the team. 

And the third point here is that nurses, being people, want and need 
employment quite as much as does any other group of citizens. They, 
too, have economic responsibilities and therefore cannot atford to refuse 
opportunities in a promising field of employment. 

The qualified nurse does not want to practice medicine. Too often 
conditions beyond her control are forcing her to do so. In the past the 
situation was fairly simple. The line of demarcation between the practice 
of medicine and nursing, though fluid in nature, was less complicated 
than it is today. There were fewer diagnostic procedures and also fewer 
treatment processes. 

Few people realize how greatly the practice of nursing has been 
changed in the last decade by the advances of medical science. As 
physicians have become more and more pteoccupied with new diagnostic 
and treatment procedures, nurses have been given more tasks that once 
were the practice of medicine. The American Journal of Nursing cites 
eighteen procedures now considered nursing that were once definitely 
the practice of medicine.’ This transition of authority has proceeded 
so rapidly and the line of demarcation has become so blurred that one 


does not doubt for a moment that in some instances nurses are prac- 


1. Changes in Nursing Practice, editorial, Am. J. Nursing 47:655 (Oct.) 
1947 


- 4 
i 
i! 
a 
7 
4 
y 


DUNDORE--WE NEED TO BE UNIFIED 


ticing medicine. They do so unwittingly and inevitably under existing 
conditions. While this change is felt keenly in the hospital, it is also 
apparent in industry. The increased demand for doctors has added to 
this problem, so that while nurses may have some medical direction, its 
quantity has become more limited 

Today there is every indication that medical science will continue 
its great strides and that industrial health programs will broaden and 
deepen. Therefore, to the nurse in industry the question of medical 
supervision becomes of new and transcendant importance. I believe 
it is the keystone in the relationships between nurse, doctor and manage- 
ment. Unless these relationships are based on a clearcut philosophy, 
irritations, frustrations and retardations are inevitable. Personalities 
and programs will suffer because principles fail. 

The physician is wholly correct in demanding that the nurse do not 
practice medicine, and nurses thoroughly approve of this principle. 
They agree wholly with the claim that nurses must abide by the medical 
orders established by physicians. 

We must keep in mind that the demand for health protection of our 
worker population is growing. Cur own successful activities are con- 
tributing to this growth. Yet even if there were enough physicians to 
fill all the demands that will arise, management is apparently not yet 
ready to employ full time medical service in all instances. 

Experiments in servicing small industry with teams of doctors and 
nurses are still too limited to give all the answers. Until the utopia 
of adequate medical supervision in small industry is reached, we must 


face realistically the fact that there will continue to be nurses in industry 
who are not under direct medical supervision 


The situation cannot be settled by any arbitrary ruling, nor can it be 
settled quickly. It is a situation that calls for joint discussion among 
physicians, nurses and management. Never has it been more important 
in the doctor-nurse-management relationship than now for each to 
understand the problems that the others face in the execution of their 
respective tasks. 

The lines can be drawn so strictly around the nurse that her pro- 
gram loses all its effectiveness. If this happens, not only will manage- 
ment be short-changed, but the quality of nurses entering industry will 
be lowered. Industrial nursing, in the main, has attracted women with 
a strong sense of responsibility. On the other hand, if the line is too 
loose, there is danger well understood by all of us. 

The basis, in considering this problem, then, should be our abilities 
to grasp and consider all sides of this question. The new philosophy we 
need would be of value not only in industry but to both our professions 
at large. Though the physician and the nurse follow different routes in 
carrying out their functions, their objectives are the same 
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I repeat, it is assumed today that the very use of standing orders 
by the nurse implies that she has first made a tentative diagnosis. There 
is needed from the medical profession, therefore, a definition of what 
constitutes medical supervision. ‘There is needed a definition that will 
meet the demands of today. We also need a long range definition that 
will enable us to function as conditions change. 

Once nurses and physicians have a clear statement of these principles, 
they can, | am sure, work out the procedures that will enable the nurse 
to carry on her responsibilities without encroachment. 

It is doubtful, at this point, just what the long range solution will be. 
One thing is certain—what must precede any action of this nature 
must be first a full recognition of the width and the depth of the problem 
and a recasting of our philosophies. The leadership in this must come 
from medicine, and I can assure you of the earnest and full cooperation 
of nurses, ‘This situation brings into sharp focus the complexities of 
the doctor-nurse-management relationship, and it emphasizes anew the 
need for working out the answers together. 

We must divert our attention, then, from standing orders to the 
larger issues. The first step, it seems to me, is the need for the physician, 
engaged by industry on any basis whatsoever, to help management appre- 
ciate the need for adequate medical supervision. This requires that 
manager, physician and nurse sit down together to develop the medical 


policies and procedures. These should become an integrated part of 
general company policy, 


Such a hnsic practice would strengthen the whole structure of the 
industrial health service. It would help to establish the medical depart- 
ment as a recognized component of the company organization ; it would 
afford the physician and the nurse greater opportunity to give the finest 
and best in medical and nursing practices to the industrial worker. 

The best solution to any problem must begin where the problem lies-— 
in the plant. There are the roots of our work, and the tree grows from 
the roots. Locally, joint discussion of these problems by the county and 
state medi¢al societies and industrial nursing associations is necessary in 
order to bring about the understanding that must precede constructive 
action 

Nationally, we act as a clearing house. We help develop a general 
philosophy. We offer encouragement and information. 

Sut the heart of the problem and its solution lie where management, 
physician and nurse meet over the health of the worker. He, as the 
foundation rock of American progress, is our mutual concern. 
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PULMONARY MANIFESTATIONS OF GASOLINE 
INTOXICATION 


A Review with Report of a Case 


REUBEN ZUCKER, M.D. 
LITTLE ROCK, ARK 


EDWIN D. KILBOURNE, M.D. 
NEW YORK 
AND 


JOSEPH B. EVANS, M.D. 
PHILADELPHIA 


HE RAPID development of the internal combustion engine and 

its widespread use have resulted in a concurrent expansion in the 
production and handling of petroleum products. Such everyday prac- 
tices as siphoning gasoline from motor vehicle tanks or using gasoline 
as a cleaning solution have afforded opportunities for intimate contact 
with this agent. Yet literature concerning the toxicity of gasoline is 
limited out of proportion to the use of the chemical. 

Commercial gasoline is a mixture of volatile hydrocarbons to which 
tetraethyl lead is often added. The concentration of tetraethyl lead is 
ordinarily too low to be toxic in the handling of gasoline.’ 

The toxic manifestations of gasoline (benzine) are varied. If it 
comes in prolonged contact with the skin in the liquid state, it may cause 
desquamation of epithelium? or dermatitis. Concentrations of the 
vapor phase below 0.1 per cent will irritate the eyes and the pharynx.* 

Gasoline may be absorbed into the circulation by way of the respira- 
tory and gastrointestinal tracts. Pathologically, there have been observed 
hyperemia, petechial hemorrhages, subpleural extravasations and some 
gross hemorrhages in the lungs; subserous hemorrhages in the liver, 
the spleen and the kidney; enlargement, cloudy swelling and fatty 
changes of the liver, and edema with lipid degeneration in the kidneys." 


From the Station Hospital, Fort Monmouth, N. J. 

1. (a) Machle, W.: Gasoline Intoxication, J. A. M. A. 127:1965-1971 
(Dec. 6) 1941. (b) Lawrence, J. S.: Acute Poisoning. Due to Petrol Vapour, 
Brit. M. J. 2:871-873 (June 23) 1945. 

2. Mead, S.: Drowning in Gasoline, Am. J. Clin. Path. 15:342-343 ( Aug.) 
1945. 

3. Carlisle, J. M., in Wampler, P. F.: The Principles and Practice of Indus- 
trial Medicine, Baltimore, Williams & Wilkins Company, 1943, p. 261. 

4. Drinker, P.; Yaglow, C. P., and Warren, M. F.: Threshold Toxicity of 
Gasoline Vapor, J. Indust. Hyg. & Toxicol. 25:225-232 (June) 1943 
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The predominant manifestations of gasoline intoxication are related 
to the central nervous system and the lungs. Dizziness, headache, coma, 
hilarity, neuritis and other evidences of nervous system involvement 
have been observed.” Pneumonitis, purulent or bloody pleural effusion 
and multiple pulmonary abscesses have been described as pulmonary 
reactions to ingestion or aspiration of gasoline. 

The frequency with which disease of the respiratory tract occurs in 
gasoline poisoning has not been elucidated. Waring noted pulmonary 
complications in 9 of 23 children who had ingested kerosene.* Pelfort 
and his co-workers * observed pulmonary signs in 15 of 21 children who 
were victims of kerosene and related hydrocarbon intoxication. Nunn 
and Martin * studied a series of 72 children who had accidentally swal- 
lowed gasoline or kerosene, and reported pathologic conditions of the 
lungs in all fatal cases and clinical evidence of pulmonary involvement, 
i. e., moist rales, in 32 per cent of the nonfatal cases. 

The pathogenesis of the pulmonary lesions has been suggested by 
several workers. Gasoline may reach the lungs by inhalation of vapors, 
by aspiration of the liquid, or by blood vessel excretion of vapors 
absorbed from the gastrointestinal tract. Waring *® found no involve- 
ment of the’ respiratory tract after instilling kerosene into the stomach of 
the dog, but observed pneumonia when the fluid was introduced into 
the trachea. Cassinelli” noted that following intratracheal instillation 
of kerosene in rabbits there was first congestion of the bronchoalveolar 
tree, then focal necrosis in the center of the inflammatory zone, and, 
finally, congestion, edema and endothelial desquamation of the pleura. 
In man the accidental aspiration of gasoline may be followed by clinical 
evidences of a similar pathologic course, as illustrated in the case which 
we now report. 


5. (a) Kretschmer, W.: Die “elektive Giftwirkung” bei gewissen Formen der 
Inhalationsvergiftungen in anatomisch-functioneller Betrachtungsweise, Schweiz. 
med. Wehnschr. 72:421-422 (April 11) 1942. (bh) Hutchison, W. A.: Aviation 
Gasoline Intoxication, Air Surgeon's Bull. 2:174 (June) 1945. Machle. 
(d) Lawrence.” (¢) Drinker and others.‘ 


6. Waring, J. J.: Pneumonia in Kerosene Poisoning, Am. J. M. Sc. 185:325- 
330 (March) 1933. 


7. Pelfort, C.; Cassinelli, J. F., and Portillo, J. M.: Neumopatias por inges- 
tidn de kerosene o bencina en el nifio: Estudio clinico, Arch. de pediat. d. Uruguay 
18:557-595 (Oct.) 1944, 

& Nunn, J. A., and Martin, F. M.: Gasoline and Kerosene Poisoning in 
Children, J. A. M. A. 108:472-474 (Aug. 18) 1934 

9. Cassinelli, J. F.: La neumonia por hidrocarburos del tipo del kerosene 


y la beneina, Arch. de pediat. d. Uruguay 14:259-274 (May); 353-383 (June) 
1943 
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REPORT OF CASE 


A 19 year old white soldier was admitted to the hospital at 10 p. m. on Oct. 21, 
1947. Two hours before admission, while attempting to siphon gasoline from an 
automobile tank, he suddenly found his mouth filled with gasoline. He felt “like 
(he) couldn't breathe.” He began to cough and fell to the ground with momentary 
loss of consciousness. He was quickly raised to his feet and walked by his com- 
panions in an effort to help him “get his breath.” He then began to vomit. He 
was taken to the Station Hospital, Fort Monmouth, N. J., where physical examin- 
ation, including pulmonary auscultation, revealed no abnormality except that the 
patient was “apprehensive.” His oral temperature at that time was 97.2 F. 
The apical pulse rate was 72 per minute and the respiratory rate 16 per minute. 
Attempted gastric lavage resulted in repeated vomiting of food particles and 
clear fluid. The patient was conscious at all times during the lavage. 

October 22: At 7:30 a. m. the patient complained of pain in the right side of 
the chest. His oral temperature was 102.1 F. The apical pulse rate was 110 per 


Fig. 1.—Roentgenogram of the chest taken on Oct. 22, 1947. 


minute and the respiratory rate 40 per minute. Examination revealed dulness to 
percussion with diminished breath sounds in the right half of the chest from the 
seventh rib posteriorly and the fourth rib anteriorly to the base. There was 
also tenderness to palpation in the right upper abdominal quadrant. The patient 
had a nonproductive cough at this time. A roentgenogram of the chest showed 
“lobar consolidation of the middle and lower lobes of the right lung with infiltra- 
tion of the left lower lung field.” (See figure 1.) The total leukocyte count was 
8,550 per cubic millimeter, with 79 per cent polymorphonuclear leukocytes. The 
erythrocyte sedimentation rate was 8 mm. per hour. A blood culture was sterile. 
The patient was placed in an oxygen tent and treated with intramuscular injections 
of penicillin prophylactically, a dose of 30,000 units being given every three hours 


October 23: The patient voided involuntarily during the night. His rectal 
temperature was 102.6 F. The pulse rate was now 118 per minute and the respira- 
tions 38 per minute. He became cyanotic when taken out of the oxygen tent; 
so he was quickly returned. Now he complained of pain in the left side of the chest. 
There was flaring of the alae nasi. Percussion flatness with absence of breath 


| at 
| 
a 
4 
| 
i 
a 
| 
4 


20 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


sounds was observed at the base of the right lung. The total leukocyte count was 
12,600 per cubic millimeter, with 86 per cent polymorphonuclear leukocytes. The 
erythrocyte sedimentation rate was 24 mm. per hour. Studies of liver function gave 
normal results (thymol turbidity, 6 units; icteric index, 15; cephalin-cholesterol 
flocculation negative at 48 hours). An electrocardiogram taken at this time 
revealed no evidence of myocardial damage or of conduction defect. 

In the evening the patient's respiratory rate rose to 48 per minute. Thora- 
centesis of the right hemithorax yielded 125 cc. of yellow-red fluid with a specific 
gravity of 1.020. There were 40,000 white blood cells and 500,000 red blood cells 
per cubic millimeter. The fluid was bacteriologically sterile. Despite the small 
amount of fluid removed from the pleural space, the patient experienced relief of 
his dyspnea, and his respiratory rate dropped to 28 per minute. 

October 24: The patient was breathing rapidly again (36 to 40 respirations 
per minute). His face was flushed. Physical findings in the chest were essentially 


Fig. 2.—Roentgenogram of the chest taken on Oct. 24, 1947. 


unchanged. Roentgenologic examination showed that “both leaves of the diaphragm 
(were) now obscured.” (See figure 2.) A presumptive diagnosis of mild alkalo- 
sis secondary to the tachypnea was confirmed by a laboratory finding of a 
carbon dioxide-combining power of 79 volumes per cent. For this the patient 
was treated with parenteral saline solution. His temperature remained elevated 
above 100 F. rectally. 

October 25: The oral temperature rose to 100.1 F. during the afternoon. 
Respirations were 32 per minute. The chest findings were unchanged. 

October 26: A roentgenogram of the chest revealed some clearing in both 
lung fields. 


October 27: The respiratory rate remained steady at 22 per minute. The 
patient was bothered by increasing cough but the areas of dulness in the chest had 
diminished. The total leukocyte count was 10,100, with a normal differential count. 
The erythrocyte sedimentation rate was 16 mm. per hour. Repeated liver function 


tests still gave results within normal limits (6 per cent retention of sulfobromo- 
phthalein at 45 minutes; icteric index, 9; thymol turbidity, 4 units). 
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October 28: The patient finally became afebrile. A roentgenogram of the chest 
revealed complete clearing of the left lung with clearing of the right lung as far 
down as the ninth rib posteriorly. 

October 30: Cough was still noted but was less severe. The patient remained 
afebrile. Tests of urinary function revealed a 55 per cent excretion of phenol- 
sulfonphthalein in 30 minutes and 75 per cent after | hour. Random urine 
specimens showed no albumin and no cellular elements. 

November 1: The lungs were clear on the roentgenograms except for a small 
area of infiltration at the right base. 

November 3: The administration of penicillin was discontinued. Examination 
of the chest disclosed no abnormalities. 

November 12: A_ second electrocardiographic tracing now revealed a pro- 
longation of the P-R interval to 0.24. No evidence of cardiac disease was elicited 

November 17: Only residual heavy basilar markings were noted on the roent- 
genogram of the chest, which was otherwise clear. (See figure 3.) 


Fig. 3.—Roentgenogram of the chest taken on Nov. 17, 1947. 


November 24: The patient was discharged, completely free of symptoms. 

Follow-Up: On March 9, 1948 the patient was reexamined. He had remained 
asymptomatic. Examination of the lungs and the heart gave negative results and 
the lungs were clear on roentgen examination. The P-R interval had decreased 
to 0.18, and the form of the electrocardiogram was normal. 


COMMENT 

It seems apparent that the illness described in this report was causally 
related to the aspiration of gasoline. Careful questioning established that 
cough and a sense of suffocation were the initial symptoms, followed 
seconds later by loss of consciousness and dyspnea. Vomiting occurred 
subsequent to the period of unconsciousness, militating against aspiration 
of gastric contents as the cause of the pneumonitis and pleurisy. The 


nonproductive nature of the patient’s cough during the early phase of 
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his illness prohibited bacteriologic examination of his sputum, but a 


blood culture was sterile, and the normal leukocyte count (on the sec- 


ond day) and the sterile pleural fluid (on the third day) argue against 
a primary bacterial pneumonia. 


The symptoms of involvement of the central nervous system which 
have been noted in gasoline intoxication caused by the inhalation of 


vapors 


10 


were not prominent in our case and were limited to uncon- 


sciousness in the initial period, apprehension at the time of admission 


and urinary incontinence the following night. 


Author 


St. ** (ite) 


Battley (10a) 


Sehneider ** (1933) 


Johnstone (108s) 


(1940) 


(1941) 
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Sachs and Kgan 
(1943) 


Zucker, Kilbourne 
amd Evans (1950) 


Pulmonary Involvement lollowing Aspiration 


History 


Petrol aspirated 
during siphoning 


(Gasoline aspirated 
during siphoning 


Gasoline aspirated 
during siphoning 
Gasoline aspirated 
during siphoning 


Garoline aspirated 
during siphoning 


Gasoline aspirated 
during siphoning 


(iasoline aspirated 
during siphoning 


Gasoline aspirated 
during attempt 
to siphon 


Gasoline aspirated 
during attempt 
to siphon 


Pulmonary Signs 


Limited chest move- 
ment on right; 
decreased breath 
sounds; percussion 
dullness 

Bronchial breathing 
and percussion 
flatness 

Bronchial breathing 
and rales 

Signs of fluid 


Diulness and dimin 
ished breath sounds 


Increased vocal 
fremitus; bronchial 
breathing and rales 
Signs of “moderate 
plevral effusion” 


Excursion of right 
chest limited; 
diminished breath 
sounds 

Pereussion flatness 
and absence of 
breath sounds 


vf 


Chest 
Roentgenogram 


No abnormality 


Pleural effusion 


Right costo 
phrenie suleus 
obseured 

Two cavities with 
fluid level at 
right base 
Pleural effusion 


Inereased density 
of right hilar 
and basal areas 


Bilateral pleural 
effusion 


Gasoline 


Sputum 
Blood tinged 


Brown 


Light yellow 
without fetid 
odor 


Dark brown 


None 


Tests of liver and kidney 


Pleural Fluid 
No thoracentesia 


Thoracentosis 
attempted; no 
fluid obtained 


10 ce. red-yellow 
sterile fluid 
withdrawn 


2 ec, sterile 
purulent fluid 


15 oz. sterile clear 
yellow fluid 
removed! 


125 ee, sterile 
bloody fluid 
withdrawn 


function elicited no clearcut evidence of damage having been done to these 


organs 


onset ,of illness. 


\ novel feature of our case was the finding of temporary first degree 
heart block during the period of convalescence, three weeks after the 


Serial electrocardiograms had not been taken because 


of the| absence of clinical evidence of carditis and because the electrocar- 
diogram obtained early in the patient's course showed conduction to be 
normal 


The significance of this finding is debatable, but the possibility exists 


that a protoplasmic poison capable of producing pneumonitis might cause 
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myocardial damage as well. That cardiac dilatation occurred during 
the course of an illness subsequent to the ingestion of gasoline has been 
mentioned, but details of the clinical course were not presented." 

Reports of gasoline intoxication following aspiration are rare. (See 
table.) St. Ledger '* in 1922 observed a pleural effusion in a 38 year 
old man who had been siphoning gasoline, but the nature of the effusion 
was not determined by thoracentesis. In 1930 Battley ‘* described a 
similar condition occurring in an 8 year old child. Physical signs of 
pneumonitis with roentgenologic evidence of effusion were recorded 
by Schneider ** in 1933. Johnstone’s '* patient had a bloody effusion, 
while Descoeudres '* was able to aspirate sterile “purulent” fluid from 
the pleural space of his patient. Ortega '’ reported multiple pulmonary 
abscesses in a patient. Clear pleural fluid was found by Cope '* in his 
patient. Sachs and Egan '* described pneumonitis in their report in 1943. 

Common features are presented by these previously reported cases 
and our case. In all the cases the pulmonary disease followed acci- 
dental aspiration of liquid gasoline that was being siphoned from a 
container. In each the respiratory symptoms developed within a few 
hours after the accident. There was a predilection of the lesions for 
the lower lobe of the right lung, as would be expected after aspiration 
of a foreign substance. Fever and leukocytosis were present. The 
effusion proved to be sterile, bacteriologically, in all cases where fluid 
was aspirated free from the pleural space (cases of Johnstone,"® 
Descoeudres,"* Cope '* and the present case ). 


11. Williams, W. P.: Gasoline (Petroleum Benzine) and Kerosene (Coal Oil) 
Poisoning in Children, Queries and Minor Notes, J. A. M. A. 89:1169 (Oct. 1) 
1927 


12. St. Ledger, A. W The Inhalation of Petrol, M. J. Australia 1:300 
(March 18) 1922. 

13. Battley, J. C. S.: The Effect of Liquid Gasoline on Pulmonary Tissue, 
J. A. M. A. 94:1570-1571 (May 17) 1930. 

14. Schneider, H.: Uber akute Benzinvergiftung, Med. Klin. 29:1168-1169 
(Aug. 25) 1933. 

15. Johnstone, R. T.: Pleural Effusion from Gasoline Inhalation, Indust. Med. 
7:243-251 (May) 1938. 

16. Descoeudres, P.: Intoxications aigués a la benzine: Un cas de pleusésie 
aigué par aspiration de benzine, Rev. méd. de la Suisse Rom. 60:884-889 (Oct. 25) 
1940, 

17. Ortega, G. C.: Abcesos del pulmén: Presentacién de un caso de extrafia 
etiologia; Consideraciones generales, Rev. Policlin. Valencia 1:79-83 (Oct.) 
1941. 

18. Cope, C. L.: Aspiration of Petrol, Lancet 1:469-470 (April 18) 1942 


19. Sachs, A., and Egan, R. L..: Pneumonitis Resulting from Gasoline, Nebraska 


M. J. 28:114-115 (April) 1943. 
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SUMMARY 


Gasoline is a widely used hydrocarbon which is toxic to man. Apart 
from its effects on the skin and the central nervous system, the symp- 
toms of involvement of the respiratory tract are of significance. 


2. In man, pulmonary involvement becomes evident with a few hours 
after the aspiration of gasoline. Cases have been reported in which 
simple pneumonitis, sterile purulent effusion, bloody effusion and pul- 
monary abscesses were noted. Lesions occur predominantly in the 
lower lobe of the right lung and are accompanied by leukocytosis and 
fever. 

Experimental work in animals with the related hydrocarbon kerosene 
indicates that the pulmonary lesions are caused primarily by liquid 
gasoline directly aspirated into the trachea rather than by vapors 
excreted from the pulmonary circulation. A review of human cases of 
accidental aspiration of gasoline adds parallel evidence to this concept. 

First degree heart block may follow gasoline intoxication. 

University of Arkansas School of Medicine (Dr. Zucker). 
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ACUTE TOXICITY OF INHALED BERYLLIUM 


Ill. Observations Correlating Toxicity with the Physicochemical Properties 
of Beryllium Oxide Dust 


R. H. HALL, Ph.D. 
J. K. SCOTT, M.D. 
S. LASKIN, B.S. 
C. A. STROUD, B.S 
AND 


H. E. STOKINGER, Ph.D. 
ROCHESTER, N. Y 


NTEREST in the effects produced by inhaled beryllium in experi- 

mental animals has been stimulated by the knowledge that seriously 
disabling disease and fatalities have occurred among industrial workers 
incident to the tremendous increase in the use of this element during the 
last decade. The first studies of beryllium poisoning of laboratory 
animals appear to have been made by Fabroni.' As a result of more 
extensive experimentation, Fairhall and co-workers? stressed the part 
played by the acid radicals associated with beryllium and concluded that 
“safe operating conditions in the preparation of the metal or its alloys 
must be based on other than an implied toxicity of beryllium.” Stokinger 
and associates * have shown, however, that an acute chemical pneumonitis 
closely resembling the corresponding disease of beryllium industrial 
workers occurs in most species of laboratory mammals following inhala- 
tion of a hydrated beryllium sulfate (BeS©,) mist. The characteristic 
pulmonary changes appear after subchronic exposure to concentrations 
as low as 1.0 mg. (40 micrograms Be) of beryllium sulfate per cubic 
meter of air. In general, the severity of pulmonary damage and the inci- 


This paper is based on work performed under Contract no. W-7401-eng-49 for 
the Atomic Energy Project at the University of Rochester. 


From the Division of Pharmacology and Toxicology, Department of Radiation 
Biology, University of Rochester School of Medicine and Dentistry 

1. Fabroni, S. M.: Patologia polmonare da polveri di beryllio, Med. d. lavoro 
26: 297, 1935. 

2. Hyslop, F.; Palmer, FE. D.; Alford, W. ¢ Monaco, A. R., and Fairhall, 
L. T.: The Toxicology of Beryllium, Nationa! Institute of Health Bulletin, no 
181, Federal Security Agency, United States Public Health Service, 1943 

3. Stokinger, H. F.; Sprague, G. F.; Hall, R. H.; Ashenburg, N. J].; Stead 
man, L. T., and Scott, J. K.: Acute Inhalation Toxicity of Beryllium: I. Four 
Definitive Studies of Beryllium Sulfate at Exposure Concentrations of 100, 50, 10 
and 1 Mg. per Cubic Meter, to be published 
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dence of mortality were proportional to the atmospheric concentration of 
beryllium sulfate and to the duration of exposure. In a control experi- 
ment animals exposed to a mist of 75 mg. of sodium sulfate (NaHSO,) 
per cubic meter of air for two weeks failed to reveal comparable lesions 
or, in fact, any evidence of toxicity, leaving unmistakable the conclusion 
that beryllium is toxic per se. 

The experiments to be described were undertaken primarily to 
determine whether acute pneumonitis develops in laboratory animals 
following inhalation of an insoluble beryllium compound, specifically the 
oxide. Four types of beryllium oxide (BeO) powders were compared 
with reference to their physicochemical properties and toxicity by inhala- 
tion. The powders were supplied by three different manufacturers. 
Three of these preparations were from regular production lots. They 
were designated “S.P.” and “G.C.” refractory grades and “fluorescent” 
grade, respectively. The S.P. and G.C. oxides were supplied by one 
manufacturer; the fluorescent grade, by another. Comparison of the 
toxicity of these three oxides was prompted initially by Eisenbud’s * 
observation that the incidence of beryllium poisoning, and especially of 
cases terminating fatally, was relatively high in a plant manufacturing the 
fluorescent powder, whereas fewer poisonings and no deaths occurred in 
a plant where the G.C. and S.P. grades were produced, despite the fact 
that control of the dust hazard at this site was judged inferior. The 
inference that the fluorescent oxide differed in certain important respects 
bearing on toxicity was strengthened by reports that beryllium poison- 
ing had occurred also among workers in plants where this particular 
grade was utilized in the manufacture of fluorescent lamps.° Spectro- 
graphic analyses, confirmed by studies of roentgen ray diffraction pat- 
terns, revealed no significant differences in purity among these three 
beryllium oxide powders. It seemed likely, therefore, that differences 
in toxicity by inhalation, if they existed, might be correlated with 
differences in physicochemical properties. To provide additional material 
with which this hypothesis might be tested, a fourth grade of beryllium 
oxide was especially prepared for us by the Beryllium Corporation of 
\merica. 

PROCEDURE 

Materials.—Methods currently employed for the production of beryllium oxide 
involve calcination of a beryllium salt at controlled temperatures. Differences in 
quality of product are referable to differences in the starting material and in the 
temperature and also in the duration of calcining. The physicochemical properties 
of the four oxides used in the present toxicologic studies are correlated with the 
source material and the temperature of firing in table 1. Included in the table are 


4. Eisenbud, M.: Personal communication to the authors. 


5. Kress, J. E., and Crispell, K. R.: Chemical Pneumonitis in Men Working 
with Fluorescent Powders Containing Beryllium, Guthrie Clin. Bull. 18:91, 1944. 
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certain parameters calculated from particle diameter and surface measurements, 
the significance of which will be discussed in connection with the correlation of 
toxicity and the physicochemical properties of the different powders. Spectro- 
chemical analyses of samples of the four oxides, performed independently at the 
National Bureau of Standards Laboratory and by Dr. L. T. Steadman, indicated 
beryllium oxide contents of 97 to 100 per cent. The principal detectable impurities 
other than calcium, potassium and sodium were aluminum, copper, iron, magnesium, 
lead and silicon, the order of abundance being somewhat different among the four 
grades, as shown in table 1. 


Dust Dispersion —The beryllium oxide powders were dispersed in a chamber 
of 155 cu. ft. (about 12 cu. M.) capacity operated at an air exchange rate of about 


Taste 1.—Physicochemical Properties of Beryllium Oxide Powders 


Refractory Grades 
—_ Pluoreseent Special 
Datum 8. FP G.c Grade Grade 
Firing temperature (C.).. 100 
Particle diameter (microns) 

Median * 
(Caleulated) mass mean 
Bulk surface (sq.M./Gm.) 
Calculated * 
Measured ¢ 
Porosity ¢ 


0.38 


4.0 

0.006 
“ 

Purity | (% BeO) 


: 
Al 


0.024 
0.01 q 
0.01 
0.01 q 
Total detectable impurities 27 0.06 


* The values given are based on optical measurement and counts (all aggregates included) 
+ The measurements were arrived at by the ethane adsorption teehnie.*? 
3} The values represent the ratio of mensured to caleulated bulk surface area 
§ The values represent solubility in biearbonate-citrate buffer at pu 7.0. 
The results were obtained by spectrographic analysis (accuracy, + 5 per cent) 
* The data are from the National Bureau of Standards Laboratorv. 


7% cu. ft. per minute (cim.) (about 5.5 cu. M. per minute). Dust-laden air was 
introduced under slight pressure through a duct opening in the center of the floor, 
and was exhausted through two ports in opposite walls near the top by a rotoclone® 
operating at a rate that maintained a slight negative pressure within the chamber. 
{The effluent was passed through a water spray and counter-current steam scrubber 
to a stack equipped with a precipitron.*] 

The S. P. grade of beryllium oxide was reground before using and was dis- 
persed from an aqueous suspension by means of an atomizing unit of the type 
described by Wilson, and co-workers. The powder was made into a paste with 
water and was passed three times through a Braun® grinder. The portion of the 


1 Ww Nani H. B.; Sylvester, G. E.; Laskin, S.; LaBelle, C. W., and Stokinger, 
H. E.: The Relation of Particle Size of Uranium Dioxide Dust to Toxicity 
Following Inhalation by Animals, J. Indust. Hyg. & Toxicol. 30:319, 1948. 
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ground material that passed through a sieve of 44 micron mesh was placed in 
earthenware crocks and 100 cc. of twelfth-normal hydrochloric acid was added 
to each liter of paste for the purpose of removing traces of iron resulting from 
the grinding operation. The material was allowed to settle, and the supernatant 
liquid was decanted; 400 ce. of distilled water was added, and the process of 
decanting and adding water was repeated until the hydrogen ion concentration of 
the suspension was in the range pu 3.5 to 4.0 

Che other three grades of beryllium oxide powders were used as received, 
without further grinding, and were dispersed in the chamber as dry dusts, apparatus 
especially designed for the purpose being employed. The powdered materials were 
proportioned and conveyed from the bottom of a reservoir to an aspirator by means 
of a wood augur operating with close tolerance through a short connecting tube. 
The aspirator was constructed from a no. 5 airco® oxyacetylene welding tip 
attached to the laboratory compressed air line and located centrally in the chamber 
air~inlet duct. At the aspirator, material delivered by the augur was picked up in 
the air stream and impacted at high speed against a baffle located centrally with 
respect to the jet and the chamber air-inlet duct. The dust concentration in the 
chamber could be regulated by varying the rate of delivery of beryllium oxide 
powder to the entering air stream through adjustment of the speed of rotation of 
the augur, which was connected directly to the shaft of a variable speed electric 
motor. To insure homogeneous packing of the beryllium oxide powder, thereby 
preventing the augur from merely drilling a hole through it, the reservoir and its 


contents were agitated continuously by means of a Burgess vibra-tool.” 


Handling of Animals.—Seven experiments were performed in which a total of 
133 animals, representing six species, were exposed to beryllium oxide dust in the 
chamber: one experiment with each of the refractory oxides, three using the 
flourescent grade, and two with the special, low-fired material. The six species 
included mongrel cats and dogs, a mixed English strain of guinea pigs, New Zealand 
hares, albino rats, originally from the Wistar strain, and rhesus macacques, tuber- 
culin tested and found negative All the animals were young adults. In general, 
they were kept in the chamber 6 hours daily 5 days each week during the exposure 
period. Preceding each experiment, the animals were conditioned in a dust-trec 
chamber 6 hours daily 5 days each week for 2 or 3 weeks. During this time they 
were subjected to conditions of daily handling, food and water deprivation, tempera 
ture and relative humidity, ete. as closely similar to those during exposure as 
possible, and data were obtained that provided control values of various toxicologic 
indexes as well as criteria of the suitability of the particular animals for further 


study 


Conditions of Exposure The concentration of beryllium oxide dust in the 
chamber was determined by using the filter paper dust sampler.’ Samples were taken 
over a fixed period at regular intervals throughout each day, and the dust con- 
centration was calculated from the change in weight of the filter paper disk and 
the known volume of chamber air aspirated. The accuracy of the method is limited 
chiefly by the precision of weighing, which is about 0.3 mg., and by the accuracy 
with which the flowmeter of the aspirator is calibrated. The relation between the 
increase in weight of the filter paper disks and the quantity of beryllium oxide 
present was checked by analyzing spectrographically at least 1 sample daily for 
herylliun The average recovery of beryllium, calculated as beryllium oxide, 


corresponded to 80 per cent of the amount determined gravimetrically. The arith- 


7. Laskin, S Measurement of Particle Size, National Nuclear Energy 
Series, New York, McGraw-Hill Book Company, Inc., 1949, div. 6, vol. 1, chap. 10 
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metic mean dust concentration in each experiment, based on the gravimetric 
determinations, is shown in table 2 with the range and the standard deviation. It 
should be noted that in all but one experiment a concentration of 85 mg. of beryllium 
oxide per cubic meter was sought. The actual over-all mean in these six experi- 
ments was 85 mg. per cubic meter, with a standard deviation of 15 mg. per cubic 
meter. Ninety per cent of the measurements were included within the limits 50 to 
114 mg. per cubic meter. 


During the course of the experiments the temperature of the air in the exposure 
chamber varied between 58 and 87 F.; the relative humidity, between 22 and 83 
per cent. The range of temperature and of relative humidity in each experiment, 
with the arithmetic means and standard deviations, are given in table 2. In the 


series of experiments at the higher concentration level, the over-all mean tempera- 
ture was 76 F.; the mean relative humidity, 50 per cent. 


The particle size distribution of the dispersed beryllium oxide dust was deter- 


mined by use of the “modified cascade impactor.’’ Samples were taken at least 


—Summary of Conditions Under Which Animals Were Exposed to Beryllium Oxide Dusts 
(Temperature, Relative Humidity and Dust Concentration of Chamber Atmosphere, 
and Particle Sise of Dispersed BeO) 


Duration Concentration, Mass- Median Particle Relative 
ot Mg./per Cu. M. Diameter, Microns Temperature, F. Humidity, % 
Exper. Grade of BeO Hr. Mean Std. Dev. Mean Range 


Refractory 56 8.9 0.71 0.23-1.04 63-76 
(8. 


Mean Range 

Special 10.3 0.08 0.35-0.86 

Special 2.7 047 

Refractory 22.3 1.13 


70-81 
0.16-2.60 3 66-80 
0.69-1.70 7 72-34 


Cum. % (by Weight)* 


Fluorescent 6 
Fluorescent 1065 
4 Fluorescent 90 


* The distribution of particle sizes is atypical. 


once each day, aspirating at a constant rate for a fixed interval that was adjusted 
according to the dust concentration. The beryllium collected on each impactor 
slide, as well as that on the filter paper disk (stage V), was determined spectro- 
graphically. As shown in table 2, the average mass-median particle diameter of 
the dispersed beryllium oxide was less than 0.75 micron in the experiments with 
the S. P. grade and the special, low-fired oxide. 


3ecause the particle size distri- 
bution was atypical, it was not possible to designate an average mass-median 
particle diameter of the fluorescent grade. It is obvious from the data presented 
in table 2, however, that if the distribution could be characterized by such an 
average, its value would be well below 1.0 micron, since 90 to 96-per cent of the 
cumulative mass of particles was of less than 1.1 micron median diameter and 
41 to 47 per cent was below 0.7 micron. In the experiment in which the G. C. 
grade of beryllium oxide was used, the average mass-median particle diameter of 
the dispersed material was greater than 1.0 micron, and the smallest value of this 
parameter was 0.7 micron, compared with minimal values of 0.16 to 0.35 micron 
in the experiments with the S. P. and special (400 C.) grades. 
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RESULTS 

Of the six species of animals used in these experiments, only rats died 
from the effects of the inhaled beryllium oxide dust. No evidence of 
cutaneous or ocular lesions was observed in any species, and, in general, 
only the low-fired oxide produced visible signs of intoxication during 
exposure. In general, among the animals that were killed, as well as 
among the rats that died, little or no gross evidence of injury was noted 
at autopsy except in the lungs, and microscopic examination of tissue 
sections revealed no lesions attributable to the toxic action of beryllium 
in any other organs. The lungs of all animals contained dust particles, 
presumably beryllium oxide, in the peribronchial and perivascular tissues 


Tame 3.-—Beryllium Content (Micrograms per Gram Wet Weight) of Tissues in 
Animals Following Inhalation of Beryllium Oxide Dusts 


Special (400 ©.) Grade—Dogs * 


FPinorescent Mg. per Ou. M. 
Mg. per Cu. M.; 10 Mg. per Ou. M.; 
15 Days 15 Days #0 Days 


Tissue F Dog * MCatt F Monkey} Female Male Female Female 

Lung 474 656 275 

Pulmonary lympb pode 2 163 6 176 

Liver 0.26 0.02 0.54 

Kidney 0.02 0.25 

Spleen 0.02 

Femur 0.20 0.04 0.19 

Rit 0.14 

Tooth 0.25 


* The animal wae killed immediately after the termination of exposure. 
* The animal was killed 2% months after the termination of exposure 

: The dogs were killed 2 months after the termination of exposure 
(ther tissues contained only traces of beryllium or none. 


as well as in the alveoli and in the cytoplasm of phagocytes. The latter, 
chiefly large mononuclear cells, were seen in the alveoli, in the interstitial 
tissues and in the lymphatic channels. When a tissue response was 
observed, it was inflammatory in character, with both intra-alveolar and 
interstitial edema and with infiltration of phagocytes, including lympho- 
cytes and granulocytes. The granulocytes were chiefly polymorphonu- 
clear neutrophils, but eosinophils of the myeloid series were also observed. 
Bronchial epithelial desquamation and hyperplasia were seen, and also 
some thickening of the alveolar walls. 


In table 3 are listed the results of spectrographic analyses for beryllium 
performed on tissues from some of the animals that were killed after they 
had been exposed to the fluorescent and to the special (400 C.) grade of 
beryllium oxide. The principal fact brought out is that by far the greatest 
part of the beryllium was found in the lungs and pulmonary lymph nodes. 
This was true even in the monkey and the cat that were killed 2 and 2% 
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months after the termination of fluorescent oxide exposure. The con- 
centration in the pulmonary lymph nodes was of the same order of magni- 
tude as that in the lungs. Among the other tissues examined only liver, 
spleen, bones and teeth contained significant amounts of beryllium. 


Refractory Grades —Ten female guinea pigs, 3 male rabbits and 20 
young adult female rats were exposed for 10 days to the S.P. grade 
of beryllium oxide at a dust concentration of 88 mg. per cubic meter. 
The sole evidence of toxicity found was a progressive decrease in the 
mean red blood cell count of the rabbits, from 5.4 to 4.1 million per cubic 
millimeter. There were no significant changes in the leukocyte counts 
of the rabbits, and no changes were observed in the formed elements of 
the blood of the rats. Weight changes during exposure were generally 
minimal in all species. The animals appeared to be normally active and 
alert, and the condition of their coats remained good. There was no 
detectable increase of rales among the rats, and anorexia, nausea or 
vomiting was not observed in any species. No significant changes were 
found in the blood nonprotein nitrogen, serum proteins or urinary pro- 
tein of the rabbits. All the animals were killed at the end of the exposure 
period. Microscopic examination of sections of approximately 20 tissues 
from each rat and of lung, liver, kidney and spleen sections from guinea 
pigs and rabbits revealed no evidence of injury that might be attributed 
to effects of beryllium. Changes in the lungs were characterized as a 
minimal phagocytic response provoked by inhaled particulate foreign 
matter. 

In the experiment in which the G.C. grade of beryllium oxide was 
used, 3 male rabbits and 10 young adult male rats were exposed for 60 
days (360 hours) to an average concentration of 83 mg. per cubic meter. 
As shown in figure I, changes occurred in the peripheral blood of the 
rabbits that resembled the progressive development of macrocytic anemia. 
Beginning after about 14 days’ exposure, the average red cell count 
decreased from 6.0 + 0.15 to 4.9 + 0.17 million per cubic millimeter. 
The maximal decrease, observed after 35 days’ exposure, exceeded 1.2 
x 10° corpuscles per cubic millimeter. Concomitantly with the decrease 
in red cell count, the average mean corpuscular volume, based on the 
hematocrit value and the cell count, rose from 68.5 + 4.5 to 85.6 + 4.4 
cubic microns. There was a tendency toward development of hypo- 
chromia, indicated by transient decreases in the average mean corpuscular 
hemoglobin concentration. The rabbits and rats gained in weight 
steadily during the 3 month period of exposure, and no external signs 
of intoxication were seen in animals of either species. All the animals 
were killed at the conclusion of the exposure period, and samples of lung 
tissue only were taken at autopsy for microscopic examination. No 
evidence of tissue damage was found in the lungs of any of the animals. 
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Fluorescent Grade—Ten male guinea pigs, 3 male rabbits and 20 
male rats were exposed to an average concentration of 87 mg. of the 
fluorescent grade of beryllium oxide per cubic meter of air for 10 days. 
The death of 1 rat on the third day of exposure could not definitely be 
attributed to the effects of inhaling the dust. One rat died one week 
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Fig. 1.—Hematologic changes in rabbits exposed to beryllium oxide dust 


(G. C. grade). Cu. means cubic microns; ##g./mm? means micromicrograms 


per cubic millimeter. 


after termination of the exposure period. This rat was one of a group of 
5 held for observation after the killing of the 14 other survivors. Two of 
the remaining 4 rats in this group lost weight and also had increased rales 
and unkempt coats. There were no significant changes in the amount of 
protein excreted in the urine of the rabbits and none in the blood non- 
protein nitrogen and serum protein concentrations in this species. 
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Similarly, no significant changes occurred in the blood cell counts of the 
rabbits, nor of 10 rats during exposure, although moderate leukocytosis 
was observed in 3 of the 5 rats held for further observation after termi- 
nation of the experiment. The guinea pigs and the rabbits gained in 
weight during exposure. They were all killed terminally. In these 
three species the only evidence of a histologic response was a slight 
infiltration of phagocytes in the lungs. 

In a second experiment in which the fluorescent oxide was used, 
anorexia, accompanied by marked loss of weight, was observed in 2 male 
cats and 2 male monkeys after these had been exposed to a concentration 
of 84 mg. per cubic meter for 15 days. One cat became so weakened and 
emaciated that it was killed about 24 months after the termination of 
exposure. One of the monkeys had increasing exertional dyspnea and 
was eventually killed in a greatly weakened condition about 2 months 
after exposure was terminated. Despite the severity of the toxic signs 
observed in these 2 animals, only slight histologic evidence of pulmonary 
damage was seen. The surviving cat and monkey regained their appetites 
and began to gain in weight about 6 weeks after the termination of 
exposure, Currently, about 1% years after exposure, they appear to be 
in excellent health. 

In the third experiment in this series, 4 dogs, 2 males and 2 females 
were exposed to the fluorescent oxide, 86 mg. per cubic meter, for 17% 
days. One of the female dogs, which subsequently was found to be preg- 
nant, exhibited a sharp transient decrease in arterial oxygen tension * 
reaching a minimal value of 63 mm. of mercury after 36 hours’ (6 days’) 
exposure, with return to the normal range (87 to 97.5 mm. of mercury) 
2 days later. Arterial oxygen and carbon dioxide tensions were also 
measured in blood samples from one of the 2 male dogs; a small transient 
decrease of oxygen tension occurred between 24 and 54 hours’ (4 and 9 
days’) exposure—with no significant change in arterial carbon dioxide 
tension in the blood of either animal. Both of these dogs were kept for 
further observation, while the other 2 dogs in this experiment were killed 
at the end of the exposure period. The red blood cell count of the 
pregnant female dog averaged 6.8 + 0.33 million per cubic millimeter 
during the preexposure period and decreased to 5.7 + 0.33 million 
after 36 hours’ exposure. The decrease in red cell count was not 
accompanied by a corresponding change in the leukocyte count, and 
there were no significant changes in the blood cell counts of the other 
3 dogs. The serum protein concentrations and the albumin-globulin 
ratio varied only within normal limits in these dogs, and con- 
sistently normal findings were reported for blood nonprotein nitro- 


8. Riley, R. L.; Proemmel, D. D., and Franke, R. E.: A Direct Method for 
the Determination of Oxygen and Carbon Dioxide Tensions in Blood, J. Biol. Chem. 
161:621, 1945. 
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gen and urinary protein. Evidence of only slight tissue damage 
was found in the lungs of one of the 2 dogs that were killed. In the lungs 
of the other dog there was moderately severe inflammation with con- 
siderable obliteration of structure due to the presence of areas of atelec- 
tasis and emphysema. 


Special Grade.—Eight of 23 rats, 6 of them females, died while being 
exposed for 15 days to the special low-fired beryllium oxide, 83 mg. 
per cubic meter, and 5 of the 15 survivors, 2 males and 3 females, died 
during the first week after the period of exposure. The mortality data 
are summarized in table 4. Death was preceded by obvious signs of 
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Fig. 2.—Weight response of rats inhaling beryllium oxide dust (special, 400 C. 
grade). 


respiratory distress, increased rales and loss of weight, most severe in the 
females. Among the 20 surviving rats, there were 13 males and 7 females. 
The females lost weight steadily after about the fourth day of exposure, 
whereas the males merely stopped gaining at about the same time, as 
shown in figure 2. This difference of response in the two sexes is cor- 
related with an age difference, since the females were nearly fully grown 
at the beginning of the experiment, whereas the males were still actively 
growing. The initial mean weight of the females was 201 + 8 Gm., 
corresponding to an average age of about 210 days, whereas the average 
weight of the males was 196 + 10 Gm., which corresponds to an average 
age of only about 65 days. 


| 

af 
ak 
| 
300 
| 

280 

| 

240 

| 

: 

80 

He 

a 
: 

| 


HALL ET AL.—TOXICITY 


OF INHALED BERYLLIUM 35 


Two dogs were exposed to the special grade of beryllium oxide in 
the same experiment. Both dogs exhibited loss of appetite and loss of 
weight ; the latter amounted to 7 and 14 per cent of their respective initial 
weights. There was a progressive decrease of oxygen tension in the 
peripheral arterial blood of one dog, a female. The maximal change 
was observed after 9 days’ (54 hours’) exposure and amounted to about 
12 mm. of mercury, The other dog, a male, exhibited only a transient 
lowering that never reached significant proportions. Moderate pro- 
gressive leukocytosis was observed in the dogs and in the 5 rats 
examined. No significant changes were found in the red blood cell 
counts, hemoglobin concentrations or hematocrit readings of the dogs. 

Ten rats were killed serially during the exposure period: 5 rats after 
5 days’ and 5 after 10 days’ exposure. Seven rats and both dogs were 
killed terminally. Little evidence of tissue response other than phago- 
cytosis of the inhaled dust particles was found in sections of the rats’ 


Taste 4.—Cumulative Mortality Among Rats Inhaling Beryllium Oxide (400 C.), 


Cumulative 


Expo Males 
(Mg.-Min./ No. Deaths No. Deaths 
Cumulative Hours Ou. M. per No. per No. 
of Exposure x 10-5) Exposed % Exposed 


lungs. Evidence of rather copious intra-alveolar edema was seen in 
lung sections from one of the dogs. In most areas the exudate was 

granular rather than homogeneous in appearance. There was moderate 3 
phagocytic infiltration. In the terminal bronchi, considerable loss of 


bronchial epithelium and some early regeneration were observed. 
Occasionally a rather definite membrane taking a dense eosin stain was 
seen lining the alveolar walls. The changes in lung sections from the 4 
other dog in this experiment were similar. 

In a second experiment in which the special, low-fired beryllium 
oxide was used, 4 female dogs were exposed for 40 days to a concen- 
tration of 10 mg. per cubic meter. Three of these dogs exhibited 
anorexia and loss of weight during exposure; the mean loss of weight 
amounted to more than one quarter of their average initial weight, as 
shown in figure 3. The fourth dog failed to show any loss of appetite at 
any time during the 9 week exposure period and gained steadily in 
weight. Increased effort of breathing was noticed in all 4 animals. 
Serum protein concentrations below the limits taken as normal (5.6 and 
7.1 Gm. per hundred cubic centimeters) were reported at some time 
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during exposure for each of the dogs that lost weight. In general, the 
albumin-globulin ratio fluctuated within the limits (1.1 and 3.12) observed 
in normal dogs, but when the data were plotted with time as abscissa, 
there was a consistent trend toward lower albumin-globulin ratios, as 
shown in figure 3, due to a progressive decrease in the concentration 
of the albumin fraction and a concomitant increase of the globulins. The 
same 3 dogs that lost weight and were shown to have changes in serum 
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Fig. 3.—Changes in body weight and in serum protein concentrations of dogs 
inhaling beryllium oxide dust (special, 400 C. grade) 


protein distribution also had marked reductions in arterial oxygen 
tension during exposure. As shown in figure 4, the greatest change 
occurred between the fifth and sixth days (30 to 36 hours) and averaged 
about 21 mm. of mercury. With continued exposure, the average 
arterial oxygen tension tended to return toward the normal range of 
values. The dog that ate well and gained steadily in weight had no 
significant changes of serum protein concentration and only a transient 
decrease in arterial oxygen tension, amounting to 13 mm. of mercury 
after 5 days’ exposure 
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Evidence of progressive development of a macrocytic anemia was 
found in all 4 dogs. As shown in figure 4, there was a decrease of nearly 
2 million cells per cubic millimeter in the average red cell count during 
the 40 day period of exposure, and this was rather closely correlated 
chronologically with an increase in mean corpuscular volume from an 
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Fig. 4.—Hematologic changes and changes in arterial oxygen tension of dogs 
exposed to beryllium oxide dust (special, 400 C. grade) 


average of 75 to as high as 101 cubic microns. There was little change in 
average hemoglobin concentration. Smears were prepared from marrow 
obtained from the head of a femur of each of 2 dogs at the end of the 
exposure period. Practically no marrow could be obtained from the 
sternum or the ribs of either animal. Differential counts of 1,000 cells 
in each marrow smear revealed an essentially normal distribution with 


— 
37 
Ree 
100 
4-4 
80 
60 
7 
bie + 
a 
=i 
on 
the 
- 
ie 


38 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


the exception of a decrease in the percentage of erythroblasts and an 
increase in that of normoblasts. In table 5 the data are compared with 
the average of similar counts made on marrows from a large number 
of normal dogs in this laboratory.® 

Although, in general, plasma fibrinogen concentrations were within 
normal limits (0.275 and 0.54 Gm. per hundred cubic centimeters), all 4 
dogs were found to have an initial increase, which was followed by a 
gradual decline. The data are shown graphically in figure 5. In the blood 
of 3 of the dogs serum alkaline phosphate concentration increased sharply 
between the ninth and twelfth days of exposure. These were the same 3 


Taste 5.—Distribution of Blood-Forming Elements in Smears Prepared from Bone 
Marrow of Dogs Inhaling Beryllium Oxide (400 C.), 10 Mg. per 
Cubic Meter for 40 Days (Based on Counts of 1,000 Cells) 


Average of 
Counts on 


Metamyelocytes (neutrophils). 
Nonfilamented cells (neutrophils) 
Eosinophilic myelocytes. 
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Unelassified. 


* Rekers and Coniter.* 


dogs that lost weight and had changes in serum protein concentration and 
albumin-globulin ratios. As shown in figure 5, increase of serum alkaline 
phosphatase concentration was followed by a decrease, and subsequently 
between the twenty-fourth and thirty-sixth days of exposure, by a smaller 
rise and fall. The fourth dog exhibited a decrease of serum alkaline 
phosphatase concentration at the beginning of exposure, reaching a mini- 
mum at the end of 9 days, after which there was a small rise followed by 
a fall similar to that seen in the blood of the other 3 dogs. In specimens 
of urine collected overnight twice weekly from all 4 dogs, the diastase 
concentration was increased between the sixth and fifteenth days 


9% Rekers, P. E., and Coulter, M.: Hematological and Histological Study of 
the Bone Marrow and Peripheral Blood of the Adult Dog, Am. J. M. Sc. 216:643, 
1948 
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of exposure. As shown in figure 6, the initial increase was followed by 
a decrease and a second rise and fall between the twenty-first and 
thirty-sixth days of exposure. 

Lung damage of advanced degree was found in sections from one of 
the 2 dogs that were killed immediately after exposure. There was active 
bronchial epithelial proliferation, with formation of large adenomatoid 
nests about the bronchi. Entire low power fields were seen which were 
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Fig. 5.—Changes in plasma fibrinogen and serum alkaline phosphatase concen- 
trations of dogs exposed to beryllium oxide dust (special, 400 C. grade). 


composed chiefly of infiltrating cells and in which most of the alveoli 
were collapsed, only scattered air-containing sacs being present. In many 
areas the alveolar walls were thickened; in others they were thin, and 
many alveoli were emphysematous. Interstitial inflammation was prom- 
inent, but little intra-alveolar edema was present. This was one of the 
3 dogs that exhibited anorexia accompanied by sharp loss of weight 
during exposure, as well as severe hypoxemia and a decrease in serum 
albumin concentration with concomitant hyperglobulinemia, resulting in 
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a decrease of the albumin-globulin ratio. A lesser degree of damage was 
observed in lung sections from the other dog, in which there were 
moderate amounts of bronchial epithelial proliferation and interstitial 
inflammation. Little alveolar edema was present, but frank vascular 
congestion was noted. This was the dog that had eaten well and gained 
in weight steadily throughout the period of exposure, and had shown 
the least clinical, chemical and hematologic evidences of intoxication. 
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Fig. 6.—-Changes in urinary diastase concentrations of dogs inhaling beryllium 
oxide dust (special, 400 C. grade). 


COM MENT 


The responses of laboratory animals following inhalation of beryllium 
oxide dusts, summarized in table 6, indicate that the production of acute 
toxic effects is correlated with the physicochemical properties of the 
different grades of material, particularly the ultimate particle size and 
the state of aggregation. The fluorescent and special (400C.) grades 
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of beryllium dust proved to be more toxic by inhalation than either of 
the refractory grades. That the low-fired oxide was the most toxic was 
made evident by the deaths that occurred among rats during and after 
exposure, and by the severity of lung damage, as well as by the reduction 
of arterial oxygen tension, the loss of weight and the biochemical and 
hematologic findings in the dogs exposed to a concentration of only 
10 mg. per cubic meter. Although the duration of exposure (236 hours) 
was longer in this experiment than in any other, with the exception of 
that in which the G.C. grade was used, the concentration was very much 
lower, and in terms of the product of dust concentration and time the 
over-all exposure in the other experiments was between two and thirteen 
times greater. It is probable that greater indications of toxicity would 
have been observed among the animals exposed to the fluorescent oxide 
if the duration of exposure had been longer. However, the results of 
the experiment using the G.C. oxide provide evidence that prolonging 
the exposure to a relatively nontoxic grade of material does not result 
in greater injury of the lungs. 

In comparing the physicochemical properties of the four beryllium 
oxide powders (table 1), we found no significant differences in the 
nature or the amounts of impurities. However, the median particle 
diameters of the fluorescent and special (400C.) grades, determined by 
optical measurement and counting, were of the order of ten times smaller 
than corresponding values for the S.P. and G.C. oxides, and this differ- 
ence was reflected in the smaller bulk surface of the latter materials. The 
measurements of bulk mean surface by ethane adsorption reveal that the 
ultimate particles comprising the special, low-fired beryllium oxide were 
much smaller than those of any of the other grades, and this was con- 
firmed in electron micrographs of samples of the powders, as shown in 
figures 7 and 8. These fundamental differences in particle size distri- 
bution among the four grades of beryllium oxide tended to disappear 
in particle size measurements on the dispersed dusts in the chamber 
atmosphere (table 1). The presence of a few larger particles and 
aggregates tends to shift the mass-median particle diameter in the 
direction of considerably larger values, whereas the biologically impor- 
tant fraction of the material may reside in the relatively small mass of 
very small particles, 

It seems to be generally accepted that the degree to which aerosols 
are retained in the respiratory tract is a function of particle size as well 
as of breathing characteristics.’” 


10. (a2) Brown, C. E.: Studies in Dust Retention: III. Factors Involved in 
the Retention of Inhaled Dusts and Fumes by Man, J. Indust. Hyg. & Toxicol. 
13:293, 1931. (b) van Wijk, A. M., and Patterson, H. S.: The Percentage of 
Particles of Different Sizes Removed from Dust-Laden Air by Breathing, ibid. 
22:31, 1940. (c) Hatch, T., and Hemeon, W. C. L.: Influence of Particle Size 
in Dust Exposure, ibid. 30:172, 1948. 
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Fig. 7.—Electron micrographs of beryllium oxide. A, grade G. C.; B, grade 
S. P. G. C. had the following properties: firing temperature, 1,150 C.; specific 
surface, 0.39 sq. M. per gram; porosity, 12. S. P. had properties as follows: firing 
temperature, 1,400 C.; specific surface, 2.42 sq. M. per gram. 


43 


af 
| 
| | 
| 
Bl 


a 
= 


Fig. 8.—Electron micrographs beryllium oxide: 4, fluorescent grade; B, a 
specially prepared, low-fired grade. The fluorescent grade had the following prop 
erties: firing temperature, 1,150 C.; specific surface, 14.7 sq. M. per gram; porosity, 
35. The specially prepared oxide had properties as follows: firing temperature, 
400 C.; specific surtace, 55.0 sq. M. per gram; porosity, 134. 
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\ convincing demonstration of the interdependency of these variables 
is to be found in the work of Wilson and LaMer "* with human subjects 
breathing homogeneous aerosols of glycerol and water containing radio- 
active sodium. Over-all retention is fundamentally important in 
determining the toxicity of inhaled particulate matter absorbed through 
the mucous membranes lining the respiratory passages as well as through 
the alveolar walls. However, for dusts such as silicon and beryllium 
compounds, which are toxic primarily because of local action on the 
parenchyma of the lung, the magnitude of the inhalation hazard is 
determined by the retention with respect to depth of penetration and 
site of deposition. Several investigators have shown, both from theoretic 
considerations '* and experimentally,'* that “alveolar” penetration and 
retention are greatest for particles of a radius up to 1.0 micron and that 
as the density of the particles increases maximal penetration and reten- 
tion occur at smaller particle radius."* 

In the present studies on the toxicity of inhaled beryllium oxide, the 
fact that greater damage of the lungs was produced by the fluorescent 
and special (400 C.) powders constitutes presumptive evidence of greater 
alveolar penetration and retention than occurred with the S.P. and G.C. 
grades, which were known to comprise larger aggregates and larger 
ultimate particles. The most severe pulmonary damage was observed in 
the dogs that were exposed to the special, low-fired oxide, in which the 
ultimate particle size was smallest and the degree of aggregation least, 
as shown in the electron micrographs (figs. 7 and 8) as well as by the 
high “porosity” index (table 1). Because the ratio of surface to mass 
increases rapidly with decrease in particle size, and because the surface 
is important in chemical reactions involving phase boundaries, the 
greater toxicity of the fluorescent and special (400C.) grades of 


beryllium oxide might be expected to be at least partly a result of 


greater chemical activity. This is borne out by a comparison of the 
solubilities of the special, low-fired oxide and the S.P. grade (table 1), 
in which the former was shown to be roughly twenty-five times more 
soluble, on a rate basis, than the latter. 

11. Wilson, I. B., and LaMer, V. K.: The Retention of Aerosol Particles in 
the Human Respiratory Tract as a Function of Particle Radius, J. Indust. Hyg. & 
Toxicol. 30:265, 1948. 

12. Findeisen, W.: Ueber das Absetzen kleiner, in der Luft suspendierter 
Teilchen in den menschlichen Lunge bei der Atmung, Arch. f. d. ges. Physiol. 
236: 367, 1935. 

13. (a)Landahl, H. D., and Herrmann, R. D.: On the Retention of Air-Borne 
Particulates in the Human Lung, J. Indust. Hyg. & Toxicol. 30:181, 1948. (b) 
Landahl, H. D., and Tracewell, T.: Penetration of Air-Borne Particules Through 
the Human Nose, ibid. 31:55, 1949. (c) Hatch and Hemeon.?% 

14. Wilson and others. Landahl and Tracewell.’*> 
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When the tissues of animals were spectographically analyzed for 
beryllium, the results indicated that inhaled beryllium oxide dust is only 
slowly mobilized and distributed in the body from the site at which 
it was initially deposited in the lungs. Moreover, the ratio of the con- 
centration in the pulmonary lymph nodes to that in the lungs, as 
compared with the corresponding ratio tor other tissues, indicates that 
the principal mechanism by which beryllium oxide is removed from the 
lungs involves phagocytosis and lymphatic transport. The fact that 
elsewhere in the body beryllium is deposited mainly in the liver, the 
spleen, the bones and the teeth is evidence of the unportant role that 
the reticuloendothelial system plays in its distribution. Differences in 
the relative concentrations of beryllium in the lungs and pulmonary 
lymph nodes in animals of the same and of different species are sug- 
gestive of different degrees of stimulation of the phagocytic response. 

Dyspnea, anorexia and loss of weight have been observed regularly 
in animals following exposure to beryllium oxide and hydrated 
beryllium sulfate by inhalation. Animals of all the six species except 
the rabbits lost weight when exposed to high concentrations (100 mg. 
per cubic meter) of hydrated beryllium sulfate mist, although only in 
some species (the cat, the dog and the monkey) at lower concentra- 
tions. From the data obtained in the experiments with beryllium oxide 
dust, as well as in some of those with hydrated beryllium sulfate mist, 
it appears that anorexia and loss of weight are always associated with 
pulmonary injury following prolonged exposure even at relatively low 
concentrations. Death during or subsequent to inhalation of beryllium 
oxide dust was invariably accompanied by cyanosis. The apparent 
recovery observed after a significant lowering of arterial oxygen tension 
in some of the dogs may well have resulted from compensatory reflex 
hyperventilation and cardiovascular changes, which, if maintained suffi- 
ciently long, could lead to pulmonary hypertension and cor pulmonale 
(cause of death in chronic human disease). The progressive development 
of macrocytic anemia has been carefully studied in extensive experiments 
in which dogs were exposed to hydrated beryllium sulfate mist.‘* The 
results of examination of smears of bone marrow from dogs exposed to 
beryllium oxide dust, as well as the difficulty experienced in obtaining 
the marrow, suggest that the anemia might be of hypoplastic or aplastic 
nature. The hematologic studies were undertaken originally to explore 
the possibility that hemopoiesis might be stimulated, owing to the reduc- 
tion in respiratory efficiency as a result of the pulmonary injury caused 
by beryllium. The expected polycythemic response to anoxia was not 
observed in the animals exposed to beryllium oxide. 


15. Stokinger, H. E., and Stroud, C. A.: Acute Inhalation Toxicity of Beryl- 
lium: II. Anemia in Animals Following Inhalation of Beryllium Compounds, to 
be published. 
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Hyperglobulinemia has been observed in both dogs and rabbits 
following inhalation of beryllium oxide and beryllium sulfate, as well as 
in patients with chronic beryllium granulomatosis, in which the increase 
involves particularly the alpha globulins.'® Similar changes in serum 
protein distribution are typically found in other chronic granulomatous 
diseases, such as granuloma inguinale, multiple myeloma and Boeck’s 
sarcoid.’’ Increase of blood phosphatase concentration has also been 
observed in all cases of active Boeck’s sarcoid. The changes in serum 
alkaline phosphatase concentration in dogs during exposure to beryllium 
oxide are particularly interesting in view of recent reports that beryllium 
strongly inhibits calcium-activated and magnesium-activated alkaline 
phosphatases.'* The significance of the changes in plasma fibrinogen and 
urinary diastase concentration in dogs following inhalation of beryllium 
oxide is at present not known. Diffuse and focal granulomatosis of the 
lungs with organization and fibrosis of the type reported by Hardy and 
Tabershaw ** in a fatal case of chronic granulomatosis has not been 
observed in animals exposed to beryllium compounds by inhalation. 


SUMMARY 


Acute pneumonitis closely resembling the corresponding disease of 
beryllium industrial workers has been observed in laboratory animals 
which were experimentally exposed to beryllium oxide dust for short 
periods (subchronic poisoning). 

The relative toxicities of four grades of beryllium oxide were com- 
pared in experiments in which a total of 133 animals of 6 species were 
used. The four grades of beryllium oxide differed in certain physico- 
chemical properties, notably in ultimate particle size and state of 
aggregation, that were referable to differences in the kinds of beryllium 
compounds from which they were produced by calcination and in the 
temperature and duration of firing. 


16. Hardy, H. L., and Tabershaw, I. R.: Delayed Chemical Pneumonitis 
Occurring in Workers Exposed to Beryllium Compounds, J. Indust. Hyg. & 
Toxicol. 28:197, 1946. Bruce, R. A.; Lovejoy, Jr., and others: Chronic Pul- 
monary Granulomatosis of Beryllium: A Study of Three Patients Showing Early 
Intermediate and Advanced Involvement, Restricted Document, UR-38, Atomic 
Energy Commission, 1948. 

17. Harrell, G. T., and Fisher, S.: Blood Chemical Changes in Boeck’s Sarcoid 
with Particular Reference to Protein, Calcium and Phosphatase Values, J. Clin. 
Investigation 18:687, 1939. 

18. Klemperer, F. W.; Miller, J. M., and Hill, C. J.: Inhibition of Alkaline 
Phosphatase by Beryllium, J. Biol. Chem. 180:281, 1949. Grier, R. S.; Hood, 
M. B., and Hoagland, M. B.: Effects of Beryllium on Alkaline Phosphatase, ibid. 
180:289, 1949. Dubois, K. P.; Cochran, K. W., and Mazur, M.: Inhibition of 
Phosphatases by Beryllium and Antagonism of the Inhibition by Manganese, 
Science 110:420, 1949. 
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The injury of the lungs produced by the inhaled fluorescent and 
special (400C.) grades of beryllium oxide was correlated with the 
smaller ultimate particle size and lesser degree of aggregation of these 
materials in comparison with the S.P. and G.C. oxides, which failed to 
cause pulmonary damage even with prolonged exposure. 

No histologic lesions attributable to toxic action of beryllium were 
found in any organs or tissues other than the lungs in any species. 
Pathologic changes, when observed, were characteristic of an inflam- 
matory response, with intra-alveolar and interstitial edema and mobili- 
zation of phagocytes. Bronchial epithelial desquamation and hyperplasia 
were seen, as well as thickening of the alveolar walls. 

\t present the most reliable clinical index of beryllium poisoning 
observed in these studies has been the development of hematologic 
changes resembling macrocytic anemia, possibly hypoplastic or aplastic 
in nature. 

Correlated with the damage of the lungs in animals exposed to the 
fluorescent and special (400 C.) grades of beryllium oxide were anorexia 
and loss of weight, dyspnea, lowered arterial oxygen tension, and 
decrease in the albumin-globulin ratio in the blood serum, due to hyper- 
globulinemia and mild hypoalbuminemia. Other changes included a 
transient increase of the concentrations of plasma fibrinogen and serum 
alkaline phosphatase and fluctuations in urinary diastase activity. Deter- 
minations of blood nonprotein nitrogen and urinary protein consistently 
vielded normal values. 

Spectrographic analyses of tissue samples revealed that only a very 
small fraction of the beryllium that was inhaled and retained was dis- 
tributed in tissues of the body other than the lungs and pulmonary lymph 
nodes. The evidence indicates that inhaled beryllium oxide dust is 
removed from the site at which it is deposited in the lungs almost 
exclusively by phagocytosis. 

These experiments represent an initial step toward establishing the 
maximal concentration of beryllium oxide dust to which industrial 
workers may be exposed daily with safety. It is recognized that the 
establishment of a maximal allowable concentration may prove difficult, 
since it appears that beryllium is capable of producing serious injury in 
some persons though present in phenomenally low atmospheric concen- 
trations-—perhaps of the order of a few micrograms per cubic meter.’® 
It is further recognized that studies involving short term exposure of 
laboratory animals provide only a part of the data on which a decision 
regarding acceptable limits of human exposure might be based. 

Prof. Harold C. Hodge gave helpful suggestions in this work 


19, Eisenbud, M., and others: Non-Occupational Berylliosis, J. 
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RAPID METHOD FOR THE DETERMINATION OF 
AROMATIC HYDROCARBONS IN AIR 


BYRON R. HUBBARD, S.M. 
BERKELEY, CALIF. 
“AND 


LESLIE SILVERMAN, Sc.D. 
BOSTON 


XPERIENCE in field sampling has demonstrated that there is a 


need for a rapid, sensitive method of determining atmospheric 
concentrations of aromatic hydrocarbons. In recent years the industrial 
use of these materials has increased greatly, and the 1949 American 
Conference of Governmental Industrial Hygienists lowered the maximum 
allowable concentration for one of them—benzene—to a point (35 


p-p.m.) at which a sensitive indicating method is necessary for evaluating 
contamination. It is desirable to have for field use a method which has 
high sensitivity, simplicity, convenience of operation and direct indi- 
cation, and which, if possible, is specific for benzene and free from 
interferences with other hydrocarbon vapors. 

Several colorimetric chemical procedures have been developed for 
the determination of benzene. These include nitration of the hydro- 
carbon, subsequent colorimetric determination with alkali and methyl 
ethyl ketone,’ the use of hydrogen peroxide and iron salts resulting in a 
brown color,? and Deniges’ reagent, sulfuric acid and formaldehyde * also 
yielding an orange-brown color. Of these methods, the last is the only 
direct-indicating one, to our knowledge, used in the field. 

In the British leaflet * technic, a mixture of sulfuric acid and for 
maldehyde is used for sampling, and benzene vapor produces a yellow- 
brown color in the reagent. The equipment consists of a test tube 
bubbler and a liquid reagent. Comparison is made with a permanent 
color standard by drawing air through the absorber until the standard 


From the Department of Industrial Hygiene, Harvard School of Public 
Health, Boston. 

1. Schrenk, H. H.; Pearce, S. J.. and Yant, W. P.: A Microcolorimetric 
Method for the Determination of Benzene, Report of Investigations 3287, United 
States Department of the Interior, Bureau of Mines, 1935 

2. Cook, W. A., and Ficklen, J. B.: The Determination of Benzene in Air, 
J. Indust. Hyg. & Toxicol. 17:43, 1935 

3. Methods for the Detection of Toxic Gases in Industry, Benzene Vapour 
Leaflet No. 4, Department of Scientific and Industrial Research, London. His 
Majesty's Stationery Office, 1939 
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is matched. This method has also been used by Roger* for benzene 
and its homologs (toluene and xylene) by using other color standards. 
In our laboratory we have found these technics useful, but they still 
require prepared liquid reagents. 

The purpose of this article is to describe a rapid field method 
developed in this laboratory for the determination of benzene, toluene, 
xylene and other aromatic hydrocarbons. 


PREPARATION OF INDICATING GEL 


Since solid adsorbent sampling has proved satisfactory for certain gases, an 
investigation was made to see whether a sulfuric acid-formaldehyde reagent 
could be applied to a suitable medium. 


GEL 


e588 SS S38 88 


if 
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STAIN LENGTH, MM. 


Chart 1.—Influence of formaldehyde (HCHO) concentration on gel sensi- 
tivity. Atmospheric concentration of benzene at 25 C. (77 F.), 50 p.p.m.; sample 
volume, 33 cc.; bore of tubes, 1.1 mm. 


A number of adsorbents were tried, but only silica gel and diatomaceous earth: 
were found satisfactory. The former is preferable since unimpregnated silica 
gel is also a good adsorbent for benzene. 

After a number of studies with various methods of applying a_ sulfuric 
acid-formaldehyde reagent to silica gel, it was found that the best method was to 
treat reagent grade silica gel (Davison activated® no. 15-08-08-226, 35 to 60 mesh) 
with sulfuric acid and subsequently drive off the excess acid with heat. The 
exact amount of acid left in the gel does not appear to be highly critical. Our 
experiences with this gel indicate that it does not need pretreatment before being 
impregnated with sulfuric acid, although preferably it is used dry. After it has 
been impregnated with sulfuric acid, the gel is ready to be treated with formaldehyde. 
In early experiments we found that fair impregnation could be obtained by 
exposing small batches of reagent (3 to 4 Gm.) to formaldehyde vapors produced 
by evaporation of chemically pure reagent (36 per cent formaldehyde solution), but 
when an attempt was made to impregnate larger batches, an unstable reagent was 
obtained. 


4. Roger, L.: Danger of Benzene Hydrocarbons in Air: Their Determination, 
Chimie & Indust. $0:135, 1943. 
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After considerable trials we found that reproducible impregnation could be 
obtained in a closed system by sublimating dry formaldehyde vapor from solid 
paraformaldehyde. This is done by placing the required amount of para- 
formaldehyde in a side arm flask connnected to a large flask containing the gel. 
The side arm flask is heated, and the vapor enters the larger flask. The gel is 
agitated for several minutes and allowed to stand for an hour before being 
removed and packed into tubes. Glass wool or glass cloth plugs are placed 
at each end of the gel. The tubes should be filled a short time after preparation 
to prevent the gel’s absorbing moisture, or else the gel container should be 
sealed in a moisture-free, inert atmosphere. The reagent gel was easily duplicated, 
and it was found that the depth (color) of stain obtained when it was exposed 
to equal benzene concentrations varied directly as the ratio of formaldehyde vapor 
to acid-impregnated silica gel. The length of stain, however, varied inversely 
with the ratio of formaldehyde to gel. These relations are shown in chart 1. 
These data indicate that the optimum amount of formaldehyde is approximately 
1 mg. per gram of acid-impregnated gel. Several batches of this reagent have 
yielded reproducible results when tested against known concentrations of benzene 
in air. 


1.—Quwalitative Color Differentiation 
Color 

Solvent Immediate Afterl Hr. Final (1 Day) 


Reddish brown Light purple Gray 
Fiesh pink to lavender Purple Gray 


Yellow to pink Purple Gray 


CALIBRATION 


We calibrated the indicating gel by placing known concentrations of hydro- 
carbons in a large glass-lined chamber (5,400 L.). The gel was placed in 1.1 mm. 
(inside diameter) glass tubes with a glass cloth plug at each end. The tube was 
then sealed for future use. The response of the gel placed in 1.1 mm. bore tubes 
is shown in chart 2. These curves were obtained with a single squeeze of a 
33 cc. aspirating bulb and show the high sensitivity of the method for benzene 
and its homologs. With the 1 mg. formaldehyde gel a stain length of 5 mm. is 
obtained for a benzene concentration of 20 p. p. m. in the 1.1 mm. tube. For lower 
sensitivity tubes of larger bore may be employed. For greater sensitivity, a number 
of squeezes may be taken. In this particular case it was found that a 33 cc. sample 
was adequate to give a reliable indication, and the calibration curves were 
prepared with this volume. Toluene and xylene concentrations gave the results 
shown in chart 2, and it can be seen that the gel’s sensitivity is less for toluene 
than for benzene and considerably lowered for xylene. 

There is also a qualitative color differentiation for these three hydrocarbons. 
The colors developed by the reagent for benzene and its homologs are shown 
in table 1. The initial color developed in the case of benzene is reddish brown 
to purple, which gradually changes. A 3 to 5 minute wait is necessary at 
room temperature (25 C.) before making a final reading. The color developed 
by toluene can barely be distinguished from that of benzene and after a few hours 
is similar. The xylene color and that of higher aromatics is distinctly yellow 
and readily distinguished from that of either benzene or toluene. 
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The calculation of concentration is based on length of stain and the average 
length is employed, since the stain length varies around the tube periphery. This 
is similar to the effect observed by Littlefield, Yant and Berger® on the hydro- 
gen sulfide detector gel. Numerous tests indicate an accuracy within 15 per 
cent for the benzene concentration range 20 to 200 p.p.m. 

\ study of the effect of concentration on stain length was made, the con- 
centrations of benzene used varying from 5 to 400 p.pm. The resulting data 


CONCENTRATION OF AROMATIC HYDROCARBONS, PPM. (25 C) 


5 10 15 20 8 
STAIN LENGTH, MM 
Chart 2.—Response of -indicator gel (1 mg. of formaldehyde (HCHO) per 


gram of silica gel) to aromatic hydrocarbons. Sample volume, 33 cc.; bore of 
tubes, 1.1 mm. 


vielded an approximate straight line on log-log paper. The equation fitting 
the data was in the form 
Stain length = AC" (1) 

where C is the concentration and K and » are experimental constants. For a 
33 cc. sample volume, 1.1 mm. tubes and the optimum gel concentration (1 mg 
HCHO per gram of SiO:) the values of A and n are 0.27 and 0.85, respectively 

The method was also tested against some of the newer hydrocarbon solvents 
which include Cy to Cw series.6 With these solvents the gel’s sensitivity is of 


5. Littlefield, J.; Yant, W. P., and Berger, L. B A Detector for Quantita- 


tive Estimation of Low Concentrations of H.S, Report of Investigations 3276, 


United States Department of the Interior, Bureau of Mines, 1935 


6. Samples of esso® commercial solvents nos. 100 and 150 and heavy solvent 
naphtha no. 152 were supplied, with data pertaining to their characteristics, by 


Mr. N. V. Hendricks, of the Standard Oil Company 
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a lower order of magnitude than with benzene and the simple homologs, toluene 
and xylene. The color developed immediately is yellow, and tests indicate that 
the sensitivity decreases in proportion to the aromatic content. The color 
developed is similar to that of xylene. Esso® solvent 100 is principally C, series 
aromatics; no. 150, Cw series, and no. 152, Cy and Cw series. The sensitivity 
varies approximately linearly with these three solvents. For a given concentration 
Ce is about one fourth, Cy one sixth and C,, and Cy» mixed about one eighth 
that of xylene. 
STABILITY OF REAGENT GEL 


Aging studies of the reagent gel have indicated no apparent 
significant deterioration in its sensitivity. Tests have shown that if 


the gel is exposed to moisture (atmospheric air) for a few days, there 


will be some loss, and after long periods a complete loss of sensitivity 


will result. It was also observed that the stain may be displaced to a 
new point, being initiated from a zone where moisture has penetrated. 
The influence of moisture may be minimized by placing a small amount 
of fused calcium chloride at the tube ends. Our tests have indicated 
that when the gel is sealed in glass tubes on the day of preparation, no 
change in sensitivity will be noted over a period of 6 months. If 
deterioration occurs, measurements indicate it will affect stain intensity 
rather than length. 
INTERFERENCE 

Water vapor that appeared on the reagent during its preparation, 
before sealing, was found to be objectionable; however, no effect of 
humidity was observed in assaying benzene vapor concentrations. Known 
concentrations of benzene were analyzed in the presence of approximately 
50 per cent and 100 per cent saturated air at 26 C. No effect of these 
water vapor concentrations was apparent on the gel reading. The 
difference in stain lengths was also negligible when a concentration of 25 
p-p.m. of benzene was measured in the presence of water-saturated air 
with and without a calcium chloride drying tube preceding the tube 

\ study of the effect of various solvent interferences was made, and 
the data shown in table 2 indicate that interference is minimal even under 
saturated vapor concentrations. Reddish colors developing in the 
presence of cyclohexane and monochlorobenzene may possibly be due to 
benzene present as a contaminant. Turpentine vapor gives a distinct 
color, and although phenol produces a reddish hue, it is necessary to add 
heat to the crystals to get any significant color. Concentrations of buty] 
alcohol, butyl acetate and ethyl acetate which gave slight yellow colors 
under saturated conditions were prepared in chamber concentrations of 
1,000 p.p.m. and did not give any indication of color with large air 
volumes (500 to 1,000 cc.). When a benzene concentration of 50 p.p.m 
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was superimposed on these concentrations, there was no apparent inter- 
ference with the benzene determination. 

Thiophene and naphthalene have been reported to interfere in the 
British liquid reagent method.* Thiophene reacts with the sulfuric acid 
to give a yellow or a red color, whereas naphthalene is reported to 
produce a black film on the reagent surface. In our studies the benzene 


Taste 2.—Effects of Various Solvents on Aromatic Hydrocarbon Indicator Gel 


Solvent (Saturated Vapor at 25 ©.) Reaction 
Acetone (O.P.) ... No color 
Amyl acetate (technical)..... No color 
Butyl acetate (technical)............... Slight yellow color 
Buty! aleohol (technical) -s..es. Slight yellow color 
Carbon disulfide (O.P.). . No color 
Oarbon tetrachloride (O.P.)................ No color 
Chioroform (C.P.) No color 
Oyelobexane (practical) Very slight reddish color 
Diethyl amino ethyl alcohol (practica!) No eolor 
Ethyl acetute (technieal)............... ccasceeseee Slight yellow color 
Ethyl alcohol U.8.P. No eolor 
Pormaldehyde (O.P.) NO olor 
FPorfural (practical) No color 
Purfuryl aleoho! (practical) bie vate Black to brown ring at top of gel 


column 
Hexane (practical) No eolor 
Mesity!] oxide (technical) ... Slight yellow color 
Methyl aleohol (C.P.)............ ... Neo eolor 
Methyl! ethyl ketone (practical). .... Slight yellow color 
Methylene chloride (technical) No color 
Monochlorobengzene (technical) ....... Very slight reddish color 
Nitrobenzene (practical) .......... ; ...... No color 
Tetrachioroethylene (technical) ....... No color 
Benzin U.S.P. (technical) ....., Siigbt yellow color 
Phenol (C.P.) (heated to furming) eecanaueds Reddish color 
Pyridine (C.P.) ae . No color 
Tetrachloroethane (practical) ......... . No color 
Thiophene (synthetic) ................ . Orange-red color followed by reddish 


purple ring (sensitivity high) 
Triehloroethylene (technical) No eolor 


Turpentine (commercial) ..... Bright yellow orange color 


used for calibration was thiophene free. Thiophene tests with the 
reagent gel indicated a sensitivity comparable to that with benzene, but 
thiophene yields a color varying from red orange to purple, as shown in 
table 2. It would not be difficult to distinguish pure thiophene from 
benzene, but if the former is present in small amounts in nonaromatic 
solvents, it may definitely interfere. The use of gel with only acid 
impregnation would probably give a reading, whereas aromatic solvents 
would not, hence this technic may confirm the presence of thiophene. 
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OBSERVATIONS ON STAIN LENGTH AND SAMPLING RATE 


A study was made of the linearity or the proportions of stain length 
for various volumes of air sample. By using a benzene concentration 
of 25 p.p.m. and drawing successive 33 cc. samples through a 1.1 mm. 
single tube, we found that successive squeezes to 330 cc. yielded stain 
lengths in approximate proportion to each multiple of volume. These 
lengths agreed well with values in length obtained by varying benzene- 
air concentrations. For practical purposes, such as field measurements, 
therefore, a linear scale for evaluation appears adequate. 

Studies on sampling rate indicate that the flow should not exceed 
60 cc. per minute’ through 1.1 to 3 mm. bore tubes with the gel size 
specified. With this range a uniform rate is desirable but not abso- 
lutely necessary. 

SUMMARY AND CONCLUSIONS 

A rapid method for determining benzene and its homologs in air 
concentrations by a stable direct-indicating gel utilizing a sulfuric acid- 
formaldehyde reagent is described. Gel impregnation methods are 
described, and interferences are discussed. This gel is sensitive to 
benzene, toluene, xylene and other aromatic hydrocarbons, and its 
sensitivity is apparently in proportion to their chemical reactivity. A 
concentration of benzene of 20 p.p.m. gives a stain length of 5 mm. in a 
1.1 mm. tube filled with the gel when 33 cc. of air is sampled. 

Interferences of other hydrocarbons are not significant. It was also 
observed that water vapor does not interfere significantly in the method. 

Nore.—The indicating gel is being made available in sealed tubes with a 


suitable apparatus for field sampling incorporating flow regulation and calibration 
through the Mine Safety Appliances Company, Pittsburgh. 

7. These rates are obtained with a controlled orifice sampler such as the 
Mine Safety Appliances Company Carbon Monoxide Detector® (National Bureau 
of Standards gel unit). 
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COMPENSATION FOR LUNG CHANGES DUE TO THE 
INHALATION OF SILICA DUST 


OSCAR A. GLAESER 
industrial Relations Manager, United States Smelting, Refining and Mining Company 
SALT LAKE CITY 


hee IMPENSATION for silicosis is, with some exceptions, generally 
still considered payable only in those cases in which men clearly can 
no longer work because of the debilitating effects of silicosis complicated 
with tuberculosis. That the requirement of total permanent disability as 
a condition of compensation would be challenged should probably have 


been foreseen. In those states where so-called occupational diseases are 
compensable by definition of “injury,” the transition from compensating 
only for total permanent disability to cover compensation for so-called 
partial disability was simply made by administrative action. Such change 
was, however, barred in states having a so-called scheduled law, where 
compensation for. silicosis was limited by statute to conditions of total 
permanent disability. The demand that earlier stages of silicosis be rec- 
ognized for compensation purposes has resulted in legislative changes in 
some states. 

New York recognized the complexity of the problems related to com- 
pensating for so-called partial disability in silicosis. It appropriated 
$50,000 in 1947 and made it available to the Trudeau Foundation to 
cover an investigation of how the debilitating effects, if any, of early 
stages of silicosis can be measured. This study is still continuing. It 
has so far produced insufficient information for any new conclusions. 

Che Utah Occupational Disease Disability Law was amended by the 
1949 legislature to include for the first time compensation for so-called 
partial disability in silicosis. No claims were filed immediately after the 
effective date of the amendment. However, in August of this year and 
after cessation of practically all mining operations in one of Utah’s mining 
districts 16 claims were filed. As Mr. Lynn Richards has pointed out, 
the law now prevides for a panel of medical experts. The panel con- 
sists of one roentgenologist and five internists specializing in various 


fields of lung and heart disease. The Industrial Commission, most 


Read at the First Rocky Mountain Conference on Industrial Health, Denver, 
Nov. 1, 1949 
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desirous that the amended law should be administered as properly as 
humanly possible, requested all members of the panel to participate in 
examining this group of claimants and their records. 


Roentgenograms 
were taken of the’ applicants 


only stereoroentgenograms. Electrocardio- 
graphic and other examinations, such as blood count, determination of 
sedimentation rate, sputum test, hematocrit reading, Kahn test, urine 
analysis and in some cases even a biopsy, were made for each applicant. 
Each was given a careful physical examination. A work history and a 
family medical history were carefully recorded. When the information 
was all assembled, with complete data at hand, the panel examined and 
reviewed the case histories. Each applicant was carefully examined by 
one panel member. Thereafter all panel members discussed each case 
and arrived at conclusions. Of the 16 who filed claims, 4 were found to 
have silicosis with tuberculous infection. This means, of course, that 
these 4 claimants under the law are presumed to be totally and perman- 
ently disabled, and compensation is being awarded accordingly. The 
other 12 claimants showed no evidence of silicosis and were so advised. 
With one exception they were further advised that they could return to 
their mine employment without fear of endangering their health so far 
as present findings are concerned. Their employers were also advised 
of the panel’s findings. 

In order that the character of the medical panel reports may be 
appraised, the report of one of the cases of disabling disease and the 
report of a case in which the applicant was found to have no silicosis are 
included here. 

REPORT OF MEDICAL PANEL: A CASE OF SILICOSIS 

Extent of permanent disability—100 per cent. 

Silicosis, early conglomerate, Sampson class 3, with inactive moderate ly advanced 
tuberculosis of the upper lobe of the left lung, and nonspecific mixed infection 
(bronchitis). 

Fractured nose, residual from 1926. 

Sinusitis, exact status undetermined. 

Deviation of right nasal septum, severe. 

Rhinitis, chronic, moderate 

Arteriosclerosis, compatible with age. 

Defective hearing, perceptive; hearing, 0/0 right, 15/15 left. 

Bronchitis, chronic, catarrhal type, generalized, nonspecific, moderate. 


Emphysema, generalized, chronic, mild. 


This case was considered to be compensable as a case of total perma- 
nent disability due to silicosis with tuberculous infection. 
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REPORT OF MEDICAL PANEL: A CASE IN WHICH SILICOSIS 
WAS NOT DEMONSTRATED 
Arteriosclerosis, coronary. 
Defective hearing, chronic, mild, bilateral. 
Rhinitis, chronic, vasomotor type, moderate. 
Hemorrhoids, external, ulcerated, chronic, moderate. 
Pes planus, bilateral, second degree, nonsymptomatic. 
Cardiac disease 
(a) Coronary sclerosis; old infarction. 
(b) Myocardial damage; old anterior iniarction; hypertrophy; mitral valve 
damage (sclerosis), mitral regurge. 
(c) Myocardial insufficiency, arrhythmia, premature beats; possible anginal 
syndrome. 
(d) Functional capacity ILI. 
(e) Therapeutic class D. 
Bronchitis, chronic, catarrhal type, moderate 


Peritruncal accentuation (x-ray), Sampson classification, late P,; or early Ps. 


This miner was considered to have no silicosis and, therefore, not 
entitled to compensation. The panel recommended that he not return 
to mine employment, because of the cardiac conditions. 

The Industrial Commission is optimistic with respect to the incidence 
oi silicosis in Utah as a totally disabling condition and silicosis as a par- 
tially disabling condition. Commissioner Otto Wiesley, who is the 
administrator of the Workmen’s Compensation Act of Utah and 
the Occupational Disease Disability Law, has expressed the belief that 
the number of cases of so-called partial disability will be negligible and 
that in Utah the incidence of silicosis, low from almost the very begin- 
ning, will not be a problem in the future. He has stated that immediately 
after the effective date (July 1, 1941) of the Utah Occupational Disease 
Disability Law the Industrial Commission was faced with 20 claims. 
Thereafter the number of claims filed annually dropped off sharply to but 
1 or 2 claims per year until this year, when the 16 claims for partial 
disability were filed under the recent amendments of the Occupational 
Disease Disability Law. Commissioner Wiesley has said, and I quote, 
“We yet have to find in Utah a miner who has worked underground less 
than fifteen years and who has signs of silicosis.’” Commissioner Wiesley 
has said further that men who have been examined so far and have been 
found to have some silicosis have worked at least twenty years in Utah 
mines. In fact, and I still quote Commissioner Wiesley, “Some recently 
examined mine employees have been underground since 1915 with no 
sign of silicosis.” 

The laws establishing silicosis as a compensable condition and the 
amendments thereto, which now make so-called partial disability com- 
pensable, have spotlighted certain situations that deserve the considered 
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attention of the best men in industry, in medicine and in the legal profes- 
sion who concern themselves with workmen's compensation. 

Those who have concerned themselves with compensation matters 
over the years, I am sure, will agree that silicosis is not the scourge that 
it was once labeled in a news reel in 1935 by the then Secretary of Labor. 
In that year, largely as the result of the Gauley Bridge Tunnel experi- 
ence, a mass hysteria spread among miners throughout the country with 
respect to silicosis—which at that time was likened to the black plague 
in early history. It rekindled a long-standing fear of so-called “miners’ 
con,” which must be dispelled if silicosis is to take its proper place among 
the many other human ills that are no longer considered of major 
importance. 

Practically all of the 16 claims that | have previously referred to were 
filed because at some time or other the claimants had been told that they 
had silicosis. When they were informed by the panel of specialists that 
they did not have silicosis, they were actually surprised and not a little 
confused. For example, one man asked, “Couldn't I have just a little?” 
In general, they told the panel that their family physician had informed 
them that they had silicosis and that they “now don’t know what to 
believe.” The Industrial Commission and panel of specialists have tried 
to convince the men that they do not have sivicosis, first, by thorough 
examination and comprehensive tests permitting a determination of what 
is causing a feeling of ill health; second, by having the men examine the 
roentgenograms of their own chest and by pointing out to them in com- 
parative roentgenograms what silicosis looks like, and third, by attempt- 
ing to convince them that a special technic is necessary to find early 
silicosis and that it requires a stereoroentgenogram (they are shown the 
difference between stereo and flat roentgenograms). This panel of medi- 
cal specialists have tried in every way to convince the men that the 
thoroughness of their examinations, together with the facilities that were 
used to arrive at their conclusions, leaves little room for error. 

Silicosis is not a condition that can be diagnosed as simply as measles. 
The lung is made up basically of air sacs, blood vessels and lymphatic 
channels. Each of these three component parts is subject to its own 
particular and peculiar disorders, any one of which may produce shadows 
in an x-ray film that might mistakenly be considered to be silicotic in 
character. 


3ased on almost ten years of Utah administrative experience, a sum- 
mation of the minimum procedures under which a diagnosis of silicosis 
should be made is briefly as follows: clinical observation and tests; 
roentgenologic examination of the chest for which only the large 14 by 
17 in. (35 by 42.5 cm.) stereo films are used, with adequate x-ray equip- 
ment; a thorough and complete physical examination, which should 
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include a personal, occupational, residential and family history; a 
selection of diagnosticians to include internists and roentgenologists 
thoroughly experienced in this field. Not one but many case histories 
support these conclusions. It should be realized that any diagnosis of 
silicosis will start a chain reaction which touches many people and 
which persists regardless of the correctness of the diagnosis; that, 1f 
incorrect, it will do great harm to the man, and that it will probably 
mean serious financial loss, hardship to his family and dislocation in 
employment. Furthermore, a financial burder may be imposed on the 
state, which may have to go through an expensive procedure to disprove 
an erroneous diagnosis. 

As a case in point I should like to review briefly a recent experience 
concerning a man 32 years of age who at the time he found employment 
in a mine, July 8, 1948, had had no previous record of working in 
mines or in a so-called dusty occupation. Recently he was absent from 
work for several weeks because he did not feel well. He had gone to 
his family physician, who told him he had silicosis. His employer sug- 
gested that he be examined by a specialist. The man agreed readily. 
The examination revealed that there was no sign of silicosis, that the 
roentgenogram of his chest taken at this examination was practically 
identical with that taken when “he was employed, fifteen months earlier. 
The man was actually suffering from an allergy of hay fever and bron- 
chitis which first developed in 1948 and then disappeared and recurred 
in July of this year (1949). Ten days prior to his last examination a 
bronchial infection developed, which was then subsiding. The exam- 
inging physician so advised the patient. Despite the assurance that he 
has no signs of even early silicosis, he has asked to be transferred to sur- 
face employment. This man had an excellent work record. He is above 
average intelligence, is somewhat of a short story writer and has been 
seriously considered for promotion to the job of mine foreman. 

A typical example of how men may become imbued with the idea that 
they have silicosis is demonstrated by one of the group of 16 men recently 
examined by the Industrial Commission’s medical panel. This man at 
the onset of the investigation showed a rather belligerent attitude toward 
it because, he said, he knew he had silicosis. He said his father died of 
“miners’ con” and that his brother, who had also worked in the mines, 
was now in a hospital, totally and permanently disabled by reason of 
silicosis, and that since he had worked in the mine# of the same area, 


there was no question about his having silicosis also. As a matter of 


fact, this man’s brother, who had been examined carefully on several 
occasions, was known not to have silicosis. Furthermore, the man in 


question had of his own accord sent chest roentgenograms to a specialist, 
who told him he did not have silicosis. Despite all this information to 
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the contrary, he insists that he has silicosis. Now, as a matter of fact, 
he does not have silicosis, and the medical panel feels that it has quite a 
task on its hands to convince him of that fact. 

Silicosis, so called, is a peculiar lung condition. It is not an infec- 
tious process, nor is it contagious. The most positive diagnostic 
procedure, the roentgenologic examination, reveals the protective 
mechanism which nature provides rather than the silica dust particles. 
This lung change generally cannot be clearly distinguished from other 
conditions in its early stages, but becomes distinguishable in its inter- 
mediate and later stages before the patient develops a physical awareness 
of any change. 

I am of the opinion that there are probably many human ills which 
in their indistinguishable beginnings are hardly ever considered disabling 
to any degree, nor are such early signs labeled as a disease or with the 
name of a specific disease. I have in mind conditions such as sore throat, 
which may, in now rather rare cases, be the early indication of scarlet 
fever; athletic heart, which may in future years result in heart failure ; 
a pigmented mole that may develop into cancer, or a backache that may 
well be the indistinguishable beginning of a serious arthritic condition. 
On the other hand, a chest complaint or a barely discernible lung change 
is frequently and without the benefit of pathologist or roentgenologist 
diagnosed as silicosis. I have often wondered whether in cases of early 
pulmonary changes one is not perhaps inclined to establish a “disease” 


in one’s mind long before it may be determined physically with any 
degree of certainty. 


America’s outstanding worker in this field, Dr. U. LeRoy Gardner, 
after his many years of intimate investigation of silicosis and diseases 
of the lung, strongly maintained to the very last that there is no such 
thing as partial disability in silicosis and that men did not become dis- 
abled as the result of simple silicosis. It would seem, therefore, that if 
compensation is to be awarded for a lung change that is not in itself 
disabling, the basis of payment should not be labeled “partial disability.” 
The label should be—what in fact it is—‘payment for a nondisabling 
lung change.” Such payment, at this time, appears justified only if the 
worker loses his job and can find no other at comparable wages because 
of a lung change which is the direct result of his occupational environ- 
ment. The misnomer “partial disability’ may be far more debilitating 
to the worker than the condition within his lungs. Ample evidence exists 
that in the large majority of cases silicosis is not disabling and does not 
prevent the worker from performing physical labor. If that is the 
case, the term “partial disability” merely invites such a workman, his 
family and his friends to consider him a semi-invalid and suggests that 
he thereafter look to compensation rather than employment for main- 
tenance. This situation, in my mind, raises this further question: Is 
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it possible that one has fallen into the error of accepting a term merely 
because it happened to be used at first? If one is confronted with a 
lung change that is not a disease as the word “disease” is normally used 
and which symptomatically fails to reveal any physical impairment or 
even discomfiture with physical exertion, is one on the right track in 
acknowledging a disability in any degree? 

In conclusion may I say that in Utah silicosis is not a problem, and 
the indications are that “partial disability by reason of inhalation of silica 
dust” is not going to be a problem. The Utah medical panel plan is 
effective and in addition is doing an excellent public service which was 
not contemplated. Only qualified men should presume to diagnose 
so-called early silicosis. There is to date no competent evidence that 
early lung change due to the inhalation of silica dust is disabling in any 
degree. Serious consideration should be given to the propriety of the 
use of the terms “disease,” “silicosis” and “partial disability” when one 
is referring to changes in the lungs that have not progressed to the point 
of clearly demonstrable disability. 
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MINIATURE WORK SITUATIONS AS A RESEARCH TOOL 
With Special Reference to the Study of Physiologic Stresses 
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INTRODUCTION 
HE BULK of the available knowledge about physiologic stresses 
connected with human work has been obtained on the basis of 
two diametrically opposite research approaches. On the one hand, 
“naturalistic” studies have been made in factories, using industrial out- 
put and scrappage as well as accident rate, absenteeism, labor turnover, 
morbidity and mortality (Baetjer; Vernon, 1939).' These criteria 
are the result of a complex and variable matrix of factors and are not 


readily accessible to rigorous analysis. Furthermore, systematic experi- 


mental investigations of factors constituting physiologic stresses are 
not feasible in industrial plants for administrative and other reasons. 
On the other hand, deterioration of the functional components of work 
capacity was investigated in “analytic” studies made in the laboratory 
(Atzler, 1938 and 1939; Herlitzka; Proceedings of the Fifteenth Inter- 
national Physiological Congress). This approach tends to be too 
abstract for an elucidation of the effects of physiologic stresses imposed 
on the industrial worker. The findings rarely represent knowledge 
which can be directly applied. Scientific realism demands a fusion of 
the essential aspects of the two approaches. “Miniature work 
situations” represent a research tool with which such fusion may be 
attempted. 

The idea is not a new one. In Germany, Sachsenberg carried out 
extensive investigations in this area through werkstattdhnliche V er- 
From the Laboratory of Physiological Hygiene, University of Minnesota. 
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suche in his laboratory at the Technische Hochschule in Dresden in the 
early twenties (Sachsenberg, 1927). In Belgium, Sollier and Drabs 
spoke of tests synthétiques and differentiated three varieties of such 
tests: tests repliques, tests mimétiques and tests analogiques. In 
Italy, Gemelli distinguished between four types of laboratory job tests 
(reattivi professionali): (1) true reproductions of specific industrial 
operations ; (2) simulations of the essential features of a job; (3) ana- 
lytic separations of a job into its essential individual elements; (4) tests 
based on general considerations of industrial work without a strict and 
specific job analysis (Botazzi and Gemelli, page 433). In English, 
one might speak of “simulated work situations,” “job replicas” (Wyatt, 
1926), “mockup work place,” “model work place,” “miniature job situ- 
ations” (Brozek, Simonson and Keys, 1947), “synthetic work situa- 
tions,” “miniature replicas of job situations” ( Bennett and Cruikshank ) 
or “miniature work situations.” 

The choice of a proper nomenclature is difficult. None of the terms 
cited has an indisputable advantage over the others. One cause of 
difficulty is the variety of situations which should be included. The 
actual complexities of the work tests will vary, some resembling indus- 
trial performances very closely, others bordering on analytic studies of 
the “pure,” singled-out elements of a work process. The term “minia- 


ture §vork situation” is a relatively neutral one, possessing the required 


conceptual elasticity. It expresses the central idea that a laboratory 
work situation can be in fact the miniature of a-complex industrial job. 

In this paper an attempt will be made to point out the possibilities 
for imvestigating physiologic stresses of modern industrial work by 
using the miniature work situations as a technic of research. We 
shall discuss the basic concepts and illustrate the applications of this 
research tool. 

BASIC CONCEPTS 

One of the principal goals of the science of human work is to mini- 
mize the physiologic stresses imposed by work. This is expected 
to enhance the health of the worker and promote his over-all work 
efficiency. 

The term “physiologic stresses” refers to a variety of factors con- 
nected with human work which increase the demands on the worker’s 
adaptation and effort above an “optimal” level. A deviation from this 
optimum in either the positive or the negative direction places a “strain” 
on adaptive mechanisms. Environmental temperature and illumination 
of the work place are good examples. 

The adaptation to work involves (1) the occupational fitness of the 
worker, (2) the adjustment between the workplace, the worker’s body 


dimensions, and his characteristics as a “human motor,” and (3) the 
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adjustment between his physiologic needs and the external environment. 
Occupational fitness, the degree to which applicants match the physical 
requirements of a job, should be considered in selection and placement 
of workers (United States Emergency Management Office, War Man- 
power Commission). A well designed training program enhances this 
“fitness.” The physiologic needs and limitations of man represent an 
essential element to be taken into account in the design of machines and 
equipment as well as in the design and maintenance of the external 
environment in which the human machine must function (Bartlett, 
1947; Chapanis; Chapanis and co-workers, 1949; Craik, 1947 and 
1948; Fitts, 1947 a; Randall and co-workers; Wiener; Winslow and 
Herrington). It is for the investigation of the latter factors and their 
effects on performance capacity that miniature work situations are 
particularly well adapted. 

Work capacity is only one component of actual performance. Per- 
formance may be regarded as a product of capacity and motivation 
( Maier) : P=CXM 


This definition disposes of the recurrent pseudoproblem of determining 
whether the science of human work is to be considered as predom- 
inantly physiologic or predominantly psychologic. It obviously must 
be both. In recent years the sociopsychologic factors of industrial work, 
especially industrial morale, have come into prominence (Mayo). As 
a result, the studies on human factors in industrial production have 
been focused almost entirely on the motivational aspects. A classic 
example which emphasizes that work behavior may be determined by 
social pressures rather than by physiologic limits is the phenomenon of 
stereotyped work output. Goldmark observed this phenomenon in 1920 
(Goldmark and associates). Much of the Hawthorne Plant investiga- 
tions dealt with the nature of the social factors which determine the 
daily performance pattern of the industrial worker ( Roethlisberger and 
Dickson; Whitehead). This is an important problem of modern 
industry and its scientific investigation has far reaching implications. 
But should emphasis on the social determinants of work output obliterate 
interest in the study of work capacity, the progress would become 
dangerously one sided. 

In this paper it is the capacity of the individual worker to perform 
with which we are concerned. The factor of motivation is of course 
not eliminated in laboratory experiments, but it can be controlled. As a 
rule, the subjects are highly motivated, and this basic attitude can be 
considered essentially constant throughout an experiment. In a minia- 
ture work situation the level of a worker's effort may vary as a result of 
either prolonged work or of environmental stresses, but it will not be 
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affected by a multitude of factors, such as wages, stresses of interaction 
in social groups, group pressures for uniform output or changing 
prospects of employment (Sachsenberg, 1926 ¢). 

In the laboratory the ideal of varying one factor at a time can be 
approximated satisfactorily whereas in studies carried out directly in 
industrial plants such variables under study as changed illumination 
can operate either by affecting the actual physiologic limits of the work- 
er’s performance capacity or by modifying his willingness to exert 
himself. 

The factors which determine the capacity of man to perform work 
are summarized in the accompanying outline. 


Factors Determining Performance. Capacity 
1. Endogenous 
A. Fitness 
1. General physical fitness (age, nutritional status, general bodily health) 
2. Specific fitness for a particular job 


B. Physiologic changes resulting from continued work 
1. Improvement due to activity (warm-up and training) 
2. Deterioration due to activity (fatigue) 


Il, Exogenous 
A. Specific characteristics of the job 
(Tools, machines, workplace, work operation) 
B. Environmental characteristics of the job 
(Lighting, temperature, humidity, air movement, noise level, vibration) 


The deterioration of the performance capacity was referred to as 
fatigue. In the past the term “fatigue” has been variously defined. 
The works of Carmichael and Dearborn (pages 1-42), Bartley and 
Chute (pages 5-46), Sayers 1942 b and Smith (1941) may be consulted 
for the views of different authors on the meaning of the term. For 
the purposes of this paper, fatigue will be considered simply as a type 
of psychophysiologic deterioration resulting from continued activity. 
Work itself, in this sense, is a particular type of physiologic stress. 

It should be noted that in the course of prolonged work differences in 
fitness can be demonstrated which are not apparent during test tasks of 
short duration or, for physiologic functions (Simonson and Enzer), 
at rest. Such differences were obtained in clinical situations for the 
functional status of muscles, for instance, by Molander and Weinmann. 
For instance, they examined the adductor muscles of the thigh of a 
patient who had mild poliomyelitis. Clinically, the right side was more 
affected than the left side. When single tests for the strength of these 
adductors were made, using the spring balance technic of Lovett and 
Martin, as modified by Schmier, the two sides showed an identical 
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strength. The procedure of Molander and Weinmann, in which repeated 
determinations of strength were made at intervals of about 20 sec., dis- 
closed important differences. Whereas the clinically less affected 
muscle group showed little change in eight successive determinations, 
the “weaker” muscles showed a pronounced fatigue trend, with the 
values decreasing in a rather regular progression from the initial 17 Ib. 
to 10 Ib. (7.5 Kg. to 4.5 Kg.). 

Performance tests used in the laboratory investigations on motor 
aspects of fitness are, as a rule, of brief duration. Five minutes is the 
limit of most of these tests. It has been pointed out that it is very 
difficult, within the analytic frame of reference, to devise laboratory 
tests of work endurance unless one uses tasks which appreciably increase 
the total energy consumption or lead to a rapid exhaustion of local 
muscle groups (Brozek, Guetzkow, Mickelsen and Keys). However, 
work in “miniature situations” can be continued for periods comparable 
to those encountered in actual industrial work. This is a distinct 
advantage over the usual laboratory tests of performance capacity. 

Ryan has emphasized that in experimental research on fatigue the 
tasks involving complex motor skills have not been given attention com- 
mensurate with their practical importance. The element of skill has 
been minimized in almost all laboratory studies on the physiologic 
aspects of work. The types of work chosen for such studies, tread- 
mill walking for example, require litt!e skill not possessed by all normal 
subjects. Yet in actual work situations the deterioration of skill may 
be the most sensitive factor in the response of the worker to stress 
(Bartlett, 1943 and 1945). 

In the classic laboratory tests of analytic nature one attempts to 
measure relatively “pure” functions. In miniature work situations 
one deals with functions integrated into the total test performance. 
As Gemelli and Galli (1930 and 1931) pointed out in their reports on 
laboratory studies of textile workers, the “synthetic” work tests are 
concerned not with pure manipulative manual abilities and their com- 


ponents but with the performance of the integrated organism. Such 


factors as alertness and speed of gross body movements are an integral 
part of industrial performance and should be incorporated in the 
laboratory tests. 


The principle value of minature work situations is that they permit 
a direct study of the effects of physiologic stresses on performance. It 
is unfortunate but true that changes in performance cannot be predicted 
satisfactorily on the basis of analyzing the “pure,” single physiologic 
functions. In part, this may be because the wrong functions have been 
measured. Performance always involves the whole of the central 
nervous system, and the capacity to characterize the functional status 
of the central nervous system is still very limited. 
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Concern with the total work performance as the subject of investiga- 


tive work, emphasized, for example, by Lipmann, does not, preclude a 


simultaneous or parallel use of functional analytic tests, including bio- 
chemical determinations (Pincus and Hoaglund). The selection of 
functions to be measured depends on the types of stress present in the 
particular situation. It appears that single functions are less sensitive 
to variations in the degree of “stress” resulting from activity than is the 
over-all performance (Brozek, Simonson and Keys, 1950). 

In summary, then, miniature work situations represent a broad band 
of test conditions lying in between studies of output in factory situations 
and laboratory studies of single psychophysiologic functions. The 
essential characteristics of the minature work situations are as follows: 
1. The “performance” being studied simulates in a more or less schematic 
way an industrial operation. 2. This research tool is well adapted to 
the study of physiologic stresses occurring in industrial work, including 
those resulting from continued activity. 3. The experimental plan can 
be adjusted to study the single functions on an analytic basis in addition 
to the integral of functions measured as output. 4. The experimental 
situations instead of eliminating the role of skill in the test task, provide 
opportunity for the study of skill and its deterioration under many 
types of stress. 

ILLUSTRATIVE STUDIES 

We have made a systematic search of the world’s literature for 
examples of technics in which various aspects of human work have 
been studied through the use of miniature work situations. Starting 
with a list of 18 subject headings and 50 authors, search has been made 
through the standard indexing and abstracting journals. The “Bibli- 
ography of Industrial and Management Literature’ (Barnes and 
Englert), numerous texts and monographs on work and fatigue, as 
well as all clues to other works obtained through the references found 
were carefully examined. 

No attempt will be made to record here all research utilizing the 
technic of miniature work situations. An exhaustive historical documen- 
tation is not our goal. Emphasis will be placed on basic methodology. 
By presenting the technic in a broad perspective, we hope to facilitate its 
use in researches concerned with the analysis of physiologic stresses 
imposed on industrial workers. The sequence of presentation will fol- 
low the outline shown in the outline on an earlier page. 


GENERAI FITNESS 


The manner in which a miniature work situation can be applied to 
the study of the effects of aging on work capacity is illustrated in the 
investigations of Smith (1938) who studied the manual dexterity of 


men 30, 40 and 50 years of age. His subjects were 155 physically fit men 


ey 
BS 
4 
1 
§ ae 
} 
© 


BROZEK-MONKE—MINIATURE WORK SITUATIONS 69 


from a training center for the transient unemployed. Assembly of nut 
and bolt units was used as the task. The procedure was arranged to 
simulate as closely as possible the conditions in industry. Incentive was 
augmented by financial remuneration. Some deterioration of manual 
dexterity with age could be demonstrated on the basis of performance 
in a short (15 min.) work period. The performance expressed with 
reference to the 30 yr. old group was 100.0, 95.7 and 91.0 per cent, 
respectively. Because it included the factor of endurance, the experiment 
with a long assembly period of 4 hr. of uninterrupted work fits closer 
our concept of miniature work situation. Under these test conditions, 
the age decrement in the capacity for high speed manual work was more 
marked. The respective average output values were 100.0, 93.6 and 
86.5 per cent. It may be noted that although the over-all levels of out- 
put were quite distinct, the improvement of performance in the “warm 
up” period and the deterioration of work as fatigue set in were similar 
in contour for all three groups (see also Miles). 


SPECIFIC OCCUPATIONAL FITNESS—PROBLEMS OF SELECTION 

The possibility of selecting workers whose aptitudes suit a particuler 
job by using miniature work situations as a screening tool has been 
considered from time to time. Gemelli recommended the use of job tests 
(reattivi professionali), defined as tests based on considerations of the 
structure and mechanisms of occupational activity rather than of the 
abstract psychologic abilities of the individual worker (Bottazzi and 
Gemelli, page 433; Gemelli). Zerga expressed the belief that an 
“apparatus” test may measure the basic skill elements required for the 
successful performance of a job as well as or better than a large and 
unwieldy battery of analytic tests. “Analogous tests” were used for 
purposes of selection before the First World War by Miuinsterberg 
(H. Minsterberg, 1912 and 1913; M. Miunsterberg, pages 215-219) 
and in the wake of the war by Stern. Hallbauer summarized in detail 
the use of “synthetic” work situations in Germany, with special refer- 
ence to vehicle operators, giving thirty-seven references to studies on 
the selection and training of transportation workers from 1905 to 1927. 


Hallbauer’s review contains pictures of the work tasks used by the early 
investigators. The uses of analogous tests for the selection of skilled 
workers and of drivers of motor vehicles in Europe and the United States 
have been described in detail by Viteles (1925 and 1932). (See also: 
3onaventura; Chleusebairgue ; Cook.) 


In the United States DeSilva and Forbes, among others, have per- 
fected tests which simulated driving under highway conditions and were 
designed to identify the poor, and especially the accident-prone, driver. 
However, an extensive study on about 4,000 drivers failed to establish 
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the validity of the tests for this purpose (Cobb). The problem of 
identifying the “accident prone” person has been discussed critically 
by H,. M. Johnson, 

In Belgium, Drabs prepared a detailed outline of abilities required 
by operators of rapid vehicles (automobiles, buses and streetcars) and 
methods of measuring them. The French transportation industry has 
been one of the early users of complex tests mimétiques (Bonnardel ; 
Lahy). Recently, Pacaud (1946a) has described the psychotechnical 
selection of railway agents assigned to small stations. Because of the 
duration (close to 2 hr.) of the test and the associated elements of 
“stress,” the study deserves particular attention in the frame of this 
review. Job analysis revealed a variety of operations concerned with 
safety, service to passengers, care of baggage, and bookkeeping. In the 
list of ten aptitudes considered as essential for the job, the top place 
was assigned to the capacity for carrying out a large number of oper- 
ations according to their relative priority. To evaluate this capacity a 
test was developed which consisted of a complex set of tasks: entering 
numerical figures in a two way ledger (rows and columns), with the 
speed regulated at times by the subject himself, at other times by stimuli 
presented at a predetermined rate; placing geometric forms and num- 
bered metal tags in the proper spaces on a board; punching holes in a 
band of paper moved to the exact position by the left hand; dis- 
criminatory reaction to visual and auditory stimuli. The beginning and 
the ending of each task had to be recorded by the subject's pressing a 
button situated at each place of work, all located in one large testing 
room. Some of these tasks had to be temporarily interrupted when tasks 
of a higher order of priority were presented. In the course of these 
varied tasks there appeared visual and auditory signals, some of which 
were to be registered by pressing a button without interrupting the work 
at hand, others to be disregarded. The test in its totality reproduces the 
dynamic, ever changing character of the job of the railway agent, with 
its premium on sustained attention. Pacaud (19466) also studied the 


selection of operators of punch card and computing machines. 


In 1937 the Union of Swedish Industries commissioned Anderberg 


and Westerlund to investigate types of tests suitable for the selection of 
industrial workers. Attention was directed toward the selection of 
weavers and spinners. Job analysis of these operations demonstrated that 
they required (1) careful and quick observation, (2) ability to organize 
work, (3) manipulative precision, (4) speed of movement, (5) ability 
to anticipate stimuli and thus “be set” to execute rapidly the required 
response, (6) ability to distribute attention over a wide area, (7) manual 
skill in tying, (8) acuity of vision and (9) unimpaired color vision. A 
complex task was devised to incorporate these abilities. It consisted of 
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a series of colored endless belts constructed so that a portion of their 
length was bridged by a rubber band. The subject was required to splice 
a thread of the appropriate color into each belt. The belts were stretched 
over two shafts, one electrically powered, and one an idler. The rubber 
band sections of each belt were brought into view through the operation 
of a foot pedal which controlled an electric motor. While the subject was 
busy bridging 100 rubber bands with thread splices, he was required 
simultaneously to watch a rotating disk and restart its motor whenever 
it stopped, as well as to register on a third instrument the disharmonies 
occurring in a continuously changing but normally regularly contoured 
silhouette pattern projected on a screen in front of him 

In Germany, Huth sought by similar means to select workers for the 
textile industry. An analysis of job requirements was made, and on this 
basis a complex test was developed embodying (1) form analysis (recog- 
nizing thread breaks and errors in patterns and lines, comparing for size 
and proportions), (2) manipulative ability and skill (making a ball 
follow a desired course by controlling the slope of the plane on which it 
moved, bimanual balancing of springs of unequal tension, tactual sorting 
of threads) and (3) carefulness (maintaining a mercury column at a 
given height while at the same time performing other tasks ) 

In the United States systematic investigations concerned with the 
scientific characterization of the abilities required to operate industrial 
machines have been few. They were reviewed by Long and Lawshe in 
1947. As an example, we shall mention Tiffin and Greenly’s work on the 
operation of a punch press, the prototype of machines widely used in 
modern industry. Their miniature work situation conformed rigidly to 


the characteristics of the actual job and was realistic to the subject 


workers whom they studied. The work duplicated the job of boring 
holes into galvanized sheet iron. It involved centering holes in the plates 
and lowering a “drill” into them. Errors of precision in centering were 
electrically recorded. The score for the task was compounded of the 
errors and the total time to 
iron. 


‘drill” four holes into 50 pieces of galvanized 


Since 1937 Drake has been developing a method for the selection of 
industrial workers based on “innate abilities’ measured by tests of basic 
manual and perceptive aptitudes (Drake and Olsen, 1938; Drake, 1940 
and 1942). He argues that performance ability depends more on the 
worker’s anatomy and psychophysiology than it does on his mechanical 
interest, general intelligence and knowledge of his trade. He has devised 
a battery of tests of perceptive abilities and of the speed and accuracy of 
basic movements. The latter include (1) finger dexterity, (2) bilateral 
hand coordination, (3) dual hand control, (4) dual hand and foot con- 
trol, (5) general body control and (6) rhythm. It is claimed that this 
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selection procedure is highly predictive of success on the job and that the 
general pattern of basic aptitude does not seem to change materially 
with passing years or with acquisition of skills. 

Extensive experience with apparatus tests used for purposes of 
selection and classification within the framework of the extensive Army 
Air Forces Aviation Psychology Program was summarized by Melton 
in 1947. Although tests of single psychomotor functions were also used, 
a strong preference for work-sample tests was evidenced. The degree of 
verisimilitude to the actual job of the pilot, the bombardier or the navi- 
gator varied from limited and schematic work samples to almost complete 
job replicas (over-all work samples). The Rudder Control Test, con- 
sidered as one most closely approximating a miniature job situation 
among the apparatus tests of the Aviation Psychology Program, served 
originally as a synthetic training device ( Melton, page 401). It was noted 
that relatively few of the tests designed to measure specific, relatively 
simple psychomotor functions proved valid, while the work samples, 
psychologically more complex, had higher validities for predicting success 
on the job (Melton, page 66). Strangely enough, in the studies on the 
impairment of motor performance in anoxia only tests of single func- 
tions seem to have been used ( Melton, page 980). 


IMPROVEMENT IN PERFORMANCE—TRAINING 

The early investigators considered the use of miniature work situ- 
ations not only for purposes of selection but suggested that such 
situations could serve the function of training devices as well (Rupp, 
1922). On the other hand, Kappauf (1946) argued recently that since 
the tasks of selection and training are quite different, the dual use of a 
“miniature work situation” diminishes rather than enhances its value. 

In the field of training, the miniature work devices are commonly 
referred to as “synthetic trainers.” It is logical that the concept of “work 
miniatures” should find an early and wide application in this area. This 
is especially true when operations in the “real” situation are costly, 
limited in frequency, dangerous ot very complex (Friedrich, 1923; 
Ghiselli and Brown; Rupp, 1928). Tramm, of the Berlin Street Rail- 
ways, described in 1919 an extensive training program which utilized a 
variety of miniature work situations. He claimed (1919 a) that training 
time for streetcar motormen was reduced by 50 per cent, and training 
costs by even more. Devices found useful for training are also useful in 
retraining the poorly trained, in assessing and rehabilitating the crippled 
and ill, and rehabilitating that portion of the accident-prone group whose 
difficulties lie in poor technic and lack of understanding of their jobs 
(Craik, 1944). 


A prime requirement of training devices is that they demonstrate to 


the trainee the manner in which his actions are inadequate or wrong. 
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They may record the extent and the precision of the trainee’s movements, 
the characteristics of his reaction time, his strength and the pressure he 
applies in effecting movements (Ketzer; Poppelreuter). The desired 
characteristics of synthetic trainers has been discussed in detail by 
Kappauf (1946). It is essential that they (1) be valid in terms of show- 
ing a high correlation between good score and production records of 
men skilled in the industrial prototype, (2) have an adequate scoring 
system for noting reaction times and the satisfactory completion of the 
details in each prescribed work cycle, (3) yield scores which differentiate 
levels of ability and (4) require adequate motivation. They may consist 
of (1) synthetic signals for the operation of the real machine, (2) 
synthetic equipment simulating a part of the whole, “real” situation or 
job or (3) real equipment simpler in nature than that subsequently to be 
used. The trainees must be adequately motivated, must have guidance 
and must be permitted to benefit by knowledge of the scores made. 

Careful analysis of job components is as essential for the design of 
training devices as it is for selective devices. Ungerson, in discussing the 
training of industrial workers, emphasized the necessity of studying the 
best possible movements (1) in terms of the whole body, (2) in relation 
to the work space and (3) in relation to the equipment and tools. Barnes 
in 1949 cited various instances in which such analyses had been success- 
fully applied to worker training. 

The earliest systematic use of a miniature work situation as a training 
device is credited to the German State Fishing Society, which, in 1905, 
instructed apprentices in the technic of boat operation and boat signals 
in a “synthetic trainer” (Hallbauer). 

An ingenious synthetic training system was reported by Tramm 
(1919a). The apparatus consisted of a bank of streetcar controls, 
statically mounted. Competition with other members of the group 
simultaneously being trained provided added motivation. The training 
goals were based on a careful analysis respecting the job components. 
Included were manipulatory movements, distance and speed discrimi- 
nation, signals, rules and the accustoming to dangers. The last was 
done by making the apparatus jar violently in simulation of “jumping 
tracks,” by sounding loud noises and by unexpectedly discharging high 
voltage sparks above the subject’s head. Results were determined in 


terms of reaction times and errors. Errors were overcome by teaching 
specific corrective measures. 


In the hey-day of German industrial psychotechnology, studies were 
made of many industrial operations. The job of filing metal was analyzed 
by several research workers. Berling devised an instrument for con- 
tinuous demonstration of errors in excursion and pressure. Nebel, in 
1929, attempted to determine the most satisfactory body stance and the 
best manner of grasping a file in prolonged and accurate filing tasks by 
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means of a refined apparatus of similar type. Friedrich (1922) sought 
to further the art of hammering by a device indicating the regularity of 
blacksmith’s blows. Bolt devised various types of apparatus with which 
to teach the proper grasp and movement of a hammer by analysis of the 
blow strength and direction of movements. In 1937 Vollmer studied in 
detail the psychomotor requirements of tapping work and demonstrated 
that workmen can be trained for tasks requiring delicate operations of 
this type in a shorter period by means of synthetic trainers than by the 
traditional apprenticeship. One of the more unique synthetic training 
devices was the crane built by Friedrich for the training of overhead 
crane operators in German steel mills. The hazards of working in a 
crowded factory were mirrored in the design of the synthetic trainer. 
The details of the replica were correct even to the noises encountered on 
the job (Friedrich, 1923; see also Herlandt). 

In the United States, “miniature work situation’’ trainers have been 
widely used by the military establishment (Wolfle). Almost the whole 
gamut of complex and dangerous jobs were reproduced in some type 
of synthetic device. From the Tufts trainer (Tufts College) for operators 
of stereoscopic range finders to parachute towers, and from synthetic 
gunnery ranges to army tanks, there was an endless array of devices 
that served to speed up the military training. In 1945 the University 
of Southern California developed for the Navy a miniature electric 
winch which mirrored the counterpart used for loading boats. Work- 
men trained on the synthetic winch were judged to be superior to those 
trained “on the job” (Ruch). The Air Force was very adroit in devising 
synthetic training devices. Numbering among the widely used miniature 
situations were the Link cockpit trainer, the bombsight trainer, the gun- 
nery trainer, the ditching trainer, the high altitude trainer and the naviga- 
tion trainer. The navigation trainer transcended all other synthetic 
training devices in complexity, refinement, versatility and accuracy. 

A valuable contribution to the knowledge of the mechanisms involved 
in acquiring manual skills has been made by Barnes and his co-workers, 
who combined the use of a miniature work situation with a study of the 
learning curves for such units of work movements (therbligs) as grasp, 
transport, deposit, etc. (Barnes, 1944 and 1949; Barnes and Perkins). 
One study (Barnes, Perkins and Juran) was concerned with the common 
factory operation of feeding parts to a punch press (synthetic). Marked 
differences were found in the manner in which training produced 
improvement in individual therbligs. Differences between individual 
trainees were also noted. The most important factors in acquiring skill 
(speed with accuracy) were identified as the elimination of fumbles and 
delays and the development of an effective pattern of eye movements 


characterized by visualizing the next step before the previous one is 


completed. Studies in screw driver work were reported by Barnes and 
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Amrine in 1942. Extensive studies on training of complex psycho- 
physiologic functions in weaving have been reported by Liberman and 
Grineva. 

DETERIORATION OF WORK CAPACITY—FATIGUE 


As a result of the industrial revolution, the character of human work 
has changed remarkably. Extremely heavy industrial work is on the 
verge of disappearance, but the change has not eliminated the problem 
of fatigue (Poznanskaya and Efimoff). The slow progress in the 
study of industrial fatigue is due largely to the failure of investigators 
to design laboratory situations which more closely resemble real life 
situations than does the ergograph and other oversimplified tests which 
have been used most frequently as research tools 

Orientation in the mass of laboratory research on fatigue may be 
obtained from a number of studies ( Atzler, 1936, 1938 and 1939; Bartley 
and Chute; Brozek; Carmichael and Dearborn; Crowden; Dhers; 


Moede; Moss, Roe, Hunter, French and Hunt; Page; Sayers, 1942 a; 
Simonson, 1935; Smith, 1941). Only a few attempts have been made to 
study the fatigue phenomenon in laboratory versions of the work situ- 
ations. In the early 1920's a series of realistic laboratory investigations 
were carried out by Sachsenberg (1925 and 1927). He was interested 
in the effects of rest periods (1926d and ¢) and in questions of “free” 
and “imposed” work rhythm (1925). He stressed the need for methods 
capable of establishing small differences in fatigue but acknowledged 
that this is a difficult task. The werkstattihnliche Versuche made in the 
laboratory appeared to be a promising approach for the identification of 
the effects of variations in the experimental working conditions. Observ- 
ing 25 women subjects engaged in packing cigarets under conditions of 
voluntary and imposed rhythm, Sachsenberg was able to report in 1927 


that the latter system reduced the fatigue decrement in production and 
raised the general level of performance. 


The problem of fatigue in industrial work was investigated in various 
miniature work situations by Graf (1926). He noted that the actual 
factory situation does not lend itself to a study of the components con- 
stituting industrial work and that such an analysis can be carried out 
only in a laboratory atmosphere. However, the laboratory procedures 
must resemble closely the actual industrial operations. In one of his 
first studies the subjects set and turned machine screws into numerous 
threaded holes made about the perimeter of a large flat disk. The disk 
could be rotated either at will or automatically by machine power. “Pro- 
duction” under imposed rhythm was higher than under free rhythm. 
He believed that the differences were due to the fact that frequent short 
rest periods were incorporated into each work cycle of the imposed 
rhythm, thus minimizing the effects of cumulative fatigue, and that the 
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demands on “motivational energy” were decreased. In 1928 Graf 
reviewed the literature on rest pauses, and in 1940 Graf and Bornemann 
published the first of a new series of studies on rest pauses in which 
highly refined technics were utilized. 

In a group of studies published in 1930 and 1933, Graf studied a 
miniature work situation in which the test was supplied by a conveyor 
belt with two metal strips, a machine screw and a nut. The rate of assem- 
bly was predetermined by the speed of the conveyor belt. Work periods 
were of 3 hr. duration. With the same procedure, he studied the optimal 
work patterns and the question of a “physiologic work curve” (short 
and long time fluctuations in performance capacity due to internal causes 
[1930 and 1933]). In later work he and Bornemann investigated punch 
press operations and developed an apparatus for investigations concern- 
ing the effects of drugs, insomnia and fatigue. The apparatus involved 
“driving” a vehicle over a curved road projected on a screen (Graf, 
1941). 

An important step was made in the study of human fatigue by the 
development of the “Cambridge aircraft cockpit” (Craik, 1940; Davis, 
1948)—a modified Link trainer in which the pilot-subject simulates 
the act of flying a prescribed and difficult course for a period of 2 hr. 
With reference to his visual field, three zones of perception were defined : 
a central one in which stimuli were present continuously, an intermediate 
peripheral one in which stimuli were present at intermittent regular inter- 
vals, and a peripheral one in which stimuli were present at intermittent 
and irregular times. Precise records were kept of all motor responses. 
The task was strenuous enough to be subjectively “fatiguing” to all can- 
didates. The experience was challenging and real, and was judged by the 
pilot-subjects to be an adequate duplicate of the worst of real situations. 

Bartlett in 1941 and 1943 discussed the advances which this technic 
represents. In the past the technics for the study of fatigue have been, 
as a rule, an extension of the simple direct technic of testing isolated 
muscle. It has been generally assumed that fatigue consists of diminished 
efficiency of specific performances and that this deterioration is a result 
of repetition of a particular performance act. In the highly skilled work 
which was the subject of the Cambridge investigations, in England, one 
finds no stereotyped picture of specific performances being repeated to the 
point of exhaustion, but varied, complex, coordinated and accurately 
timed responses. Stimuli are not simple and do not fall into an order 


of fixed succession. They have the character of a “field” or a “pattern” 


which is highly organized and may retain its identity in spite of great 
diversity of individual stimuli. 

Fatigue developed in highly skilled work has characteristics which 
cannot be deduced from classic ergographic and analytic studies. The 
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central feature of fatigue is the functional deterioration of the capacity te 
respond to stimuli. This is not because the special sensory and motor 
organs are impaired but because the central nervous system becomes 
less able to evaluate stimuli critically. The discriminatory thresholds are 
raised. The over-all “field” of stimuli becomes split into separate units, 
a breakup which results in poorly integrated responses. A loss of accurate 
timing ensues and is indicated by a high percentage of error due to doing 
the “right” thing at the “wrong” time. 

Davis, of the same laboratory, discussed two types of disorganization 
of the skilled activities studied in the Cambridge cockpit. In the first 
type all responses deteriorated. Movements became excessive and more 
extensive than called for. The subjects were restless, made inappro- 
priate movements, distributed their attention poorly, felt strained and 
dissatisfied, displayed various symptoms of irritability and tended to 
become emotional. In the second type the more important responses 
remained well preserved throughout while the less important ones 
deteriorated. The subjects became apathetic, discouraged, permitted 
their posture to slump and accepted lower standards of performance as 
being fully adequate. 

A similar study during 4 hr. of “work” was made by Hoffman and 
Mead. The task required continuous adjustments in one job while 
making periodic checks on other factors which affected the success of 
the total operation. The continuous task consisted of matching tracking 
dials, while the discontinuous tasks included the correction ‘of “drifts” 
occurring on 12 gages situated on four different panels, keeping note of 
time, observing a map with regard to a simulated airplane flight, and 
watching for the appearance of a “zeppelin.” The task was apparently 
not sufficiently severe, since loss of sleep for 50 hr., and a 30 mi. (48 Km.) 
hike did not significantly alter the performance. 

A miniature work situation has been developed by Brozek, Simonson 
and Keys (1947) for the study of visual fatigue. The technic will be 
discussed in greater detail in the section on environmental factors. 
Mackworth (1948) utilized the principle of work miniature in his study 
on the breakdown of vigilance during prolonged visual search. 


RECIPROCAL ADAPTATION BETWEEN MAN AND MACHINI 
The engineering sections of the military services, especially those 
of the United States Army Air Force (Fitts, 1947c) and the United 
States Navy (Kappauf, 1947b), came to recognize during World 
War II that the human operator of military machines is a functional link 


in the total dynamics of such machine systems (see also: Kelly). The 


efficiency of the machines depends in part on the performance limits of 
the operator. Simultaneously it was realized that design engineers knew 
little about the limiting characteristics of the human ce mponent inserted . 
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into complex machines of war (Kappauf, 1947c). Such knowledge as 
was available and generally applied was almost entirely of grossly 
empiric origin and nature. 

In historical perspective one may differentiate three phases in the 
scientific accumulation of information describing and defining the 
reciprocal adaptations between man and machine. 


In the first, scant thought was given to the needs of the operator of 
a machine. He simply had to adapt to the machine as best he could. 
Inventive genius concentrated almost entirely on the work a machine 
could be made to do. The human link was not considered an essential 


element as long as the operational tasks were “humanly possible” in 
terms of the operator’s strength, range of movements and endurance. 
The second phase was begun by F. W. Taylor (1911) and the 
Gilbreths (1911 and 1919) and is characterized by the development of 
the science of time and motion study. Taylor argued that man should 
be fitted to his job by selection and by training designed to establish 
efficient work habits. The work efficiency is enhanced by regulating 
rest pauses as aids to reduction of fatigue, dividing the work operations 
into small repetitive units, and providing better coordination between 
men working in the group. The present status of the field of time and 
motion study is well represented in Barnes’s works (1944 and 1949), 
The beginning of the third phase could be dated as early as 1919 
(Tramm, 1919b) but has come into prominence only in the past decade 
(Kappauf, 1947). Tramm (1919) stated that the equipment with 
which a man works should be adjusted to the characteristics of the man. 
He noted that what may appear as an irrelevant detail to the machine 
designer may affect in a pronounced way the operator’s comfort and 
efficiency. He was aware that the field of “human engineering” is very 
extensive and that systematic investigations were practically nonexistent 
at that time. His investigations were concerned with the handles and 
knobs by which tools were controlled. He measured and studied the 
effect on performance of such characteristics as the type of surface 
material, the manner in which an object fitted into the contour of the 
hand, the thermal conductivity of the materials being held (cool objects 
were found to “feel” heavier) and the mechanics of levers wher 
operated by human forces. He was convinced that there existed a large 
possibility for improving the equipment then in common use. 
Sachsenberg (1924 b and 1928) concerned himself with such intrinsic 
factors of man as his natural rhythm of work, his speed, the rate at 
which he recovered from the deteriorative effects of work, and the spatial 
arrangements of the workplace to the end that the machine could be 
adjusted to better fit the man. An engineer by training, Sachsenberg 
was among the first to examine the performance of human workers in 
laboratory miniature work situations. He reported experiments on 
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packing cigarets (1926d). He compared the production at a voluntary 
work rate with the production at a rate imposed by a buzzer which 
identified the time at which each portion of a work cycle was to be done. 
As the number of the auditory stimuli per unit of time increased, the 
production rate increased to an optimum. Beyond this the production 
rate not only failed to increase but actually deteriorated. When a 
rhythm disharmony (Gegenrhythmus) was introduced, the performance 
deteriorated markedly. A large portion of Sachsenberg’s research was 
concerned with the problems of assembly work on a conveyor belt (see 
also Efimoff and associates, 1930 and 1931). For these studies Sachsen- 
berg built a miniature plant in his laboratory at the Technische 
Hochschule in Dresden, Germany. 

Important studies were made by Sachsenberg (1929 and 1933) on 
heavy manual manipulation, precise manipulation and inspection done 
on intermittently moving as compared with continuously moving con- 
veyor belts. The equipment, especially designed for experimental inves- 
tigations, was adaptable for each of the three types of work. The heavy 
work task consisted in turning a bolt by hand against considerable 
resistance. The precision work consisted in turning a screw by means 
of a special screwdriver which required repeated fine adjustments in 
order to function. The inspection work involved separating ball-bearings 
of slightly different sizes (0.80 to 0.86 cm.) and inserting them by means 
of pincers into the opening of a tightly fitting tube. All three types of 
work were scored automatically in terms of revolutions and of the 
number of ball-bearings passed through the opening of the tube in a 
given amount of time. The author attempted to recreate the general 
atmosphere of the work in a plant. The experimental room itself resem- 
bled a shop. The subjects were paid regular wages and worked for 
48 hr. In some experimental series as many as 46 experimental sub- 
jects were used, although in other experiments the number of subjects 
used was too small to assess the individual variations in response to the 
experimental variable. A variety of problems was investigated. Of 
special interest is the amount of improvement with practice for the 
three types of work. The improvement was smallest for heavy manual 
work, largest for precision work. The inspection work came in between. 
Indicating to the worker the amount of work done resulted in an improve- 
ment of the over-all output. This improvement was most marked for 
precise work. Increasing the distance between workers from 120 to 
200 cm. had little influence, especially for precision work. <A discon- 
tinuous motion of the conveyor belt was more favorable for the heavy 
manual work and for inspection than a continuous motion. Other 
factors studied by Sachsenberg included the use of signals preceding each 
movement of the belt, the effects of varying the speed of a continously 
moving belt and the effectiveness of intermittent sound = stimuli 
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(Arbeitstakt). When a number of factors which had shown beneficial 
influence on output were combined, the total effect was smaller than 
would be expected on the basis of adding up the single variables. How- 
ever, the gains made were more stable (Sachsenberg, 1933). 

Sachsenberg (1924 a, 1925, 1926d, 1926f) compared rotating work 
tables with conveyor belts, and studied the effects of regulated rest 
pauses and their optimal length and distribution. He observed, as did 
Gemelli and Galli (see Manoil), that some persons worked better at 
a “free” rhythm, while others performed optimally with a rhythm 
imposed by the machines. Each worker considered his preferred type 
of rhythm less fatiguing. The production output paralleled subjective 
preferences. Slow rhythms tended to bore the men; rapid rhythms, 
exceeding their physiologic abilities, resulted in a large number of errors. 

Sachsenberg (1926¢) also discussed at length the importance of 
sociopsychologic aspects of industrial work, of the interpersonal relation- 
ships between workers which affect their integration into a conveyor 
belt assembly process. Through these many studies he contributed 
significantly to the genesis of the “human engineer,’ whose rapidly 
growing importance Morgan has noted as one of the significant aspects 
of “current trends in psychology.” 

A number of other authors studied the adjustments made by 
workers to conveyor belt technics, with emphasis on the rhythmic aspects 
of the work. Stolzenberg and Ellenberg investigated factors affecting 
the precision of work. They compared stationary workplaces versus 
conveyor belts. They investigated different speeds of the conveyor and 
the height of the plane of the work table, as well as the angle of incline 
of the work table. The tasks included placing a stylus in specified 
holes, hammering and tapping metal blocks with specified force, and 
two hand coordination tests. Duker compared the speed with which 
subjects could add pairs of single digit numbers when (1) the next 
figures came into view intermittently as each answer was completed and 
(2) the figure appeared on a continuously moving belt. During the 
years between 1925 and 1935 German journals such as /ndustrielle 
Psychotechnik and Maschinenbau carried reports of a large variety of 
studies on various aspects of man as the operator of industrial machines. 

\n interesting series of experiments was carried out by workers 
associated with Industrial Health Research Board of Great Britain. In 


Wyatt's study (1926) the industrial procedure for assembling bicycle 


chains was reproduced in the laboratory. Each step in the assembly 
was performed with the beat of a metronome. As the speed increased, 
the output increased to an optimum. As in Sachsenberg’s experience, 
rates still higher resulted in deterioration of performance. The optimum 
rate varied from subject to subject (see also Fraser). The experiments 
were subsequently transmitted to a toffee-wrapping factory (Wyatt, 
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1938). In all cases it was found that the machines had been working 
far below the optimum rates of the individual workers (deficiencies of 
20 to 30 per cent). 

Dolezalek discussed the various possible movements of the worker's 
hands, arms and feet in relation to the forces which can be exerted 
through them. He prepared tables correlating such data with their appli- 
cation to various types of levers, cranks and hand wheels. On the whole, 
however, the amount of information on human characteristics relevant 
for the designing engineer remained highly inadequate until World 
War Il. The development of high speed military aircraft finally made 
it mandatory that design engineers accept man as an integral part of 
the flying machine (Mead, 1948). It came to be realized that 
“improperly designed equipment imposes serious limitations on accuracy, 
speed of response, efficiency and comfort, no matter how well selected 
and trained workers may be” (Helson). 

Dubois pointed out that the instruments and controls presented to 
an aircraft pilot were fundamentally an extension of his sensory and 
motor organs—an external nervous system. The machine and _ its 
human operator are a functional integral, a continuum. There are two 
areas of active union between man and machine. One area, labeled 
“display,” involves presentation and perception of signals from which 
the operator interprets the status of the machine. The second, labeled 
“control,” involves the movements of levers, switches, knobs and wheels 
which the operator must manipulate in accordance with his interpretation 
of the “display” (Bartlett, 1947). 

It is obvious that the interrelationships between the pilot, the “dis- 
play” and the “control” can be adequately studied only under condi- 
tions which clo.» approximate real life situations (Bartlett, 1943; 
Fitts, 1948). Through the application of the principles of miniature 
work situations, significant advances have been made in the knowledge of 
how to improve the design of machines. ( See the studies on the adequate 
differentiation, accurate perception and choice of modality for various 
“display” devices | Fitts, 1947.4, b, ¢; Fitts and Jones}; on the basic 
relation between workplace layout and aircrew efficiency { Lawrence and 
McMillan]; on the evaluation of accuracy in sighting and triggering 
with various types of handgrip controls on aircraft guns | Johnson and 


Milton]; on manual corrective responses {Taylor and Birmingham] ). 

The optimal design of aircraft controls was studied by Jenkins. By 
means of a “mockup” cockpit and control systems he correlated the 
resistance of various types of levers, wheels and pedals with the subject's 


ability to discriminate and to reproduce fine motor adjustments. (See 
also Henschke and Mauch, and Chapanis.) Craik (1947 and 1948) 
discussed the fundamental engineering characteristics of the human 
machine acting as an element in a complex control system, and presented 
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a theoretic analysis of central nervous activity in terms of mechan- 
ical and electrical models. Wiener, discussing the engineering problems 
connected with designing control systems, stressed the need to learn 
more about the functions by which the central nervous system acts in 
the process of continuous manual control. 

Systematic anthropometry was given prominence as a vital adjunct 
in the closer integration of man and machine by the United States Army 
Air Forces, with many hundreds of airmen of all classifications of aircrew 
functions being measured to determine their bodily dimensions (Randall 
and associates). The extent to which it is used in solving present day 
problems of engineering in the design and operation of machinery and 
equipment has been summarized by Hertzberg. 

Research has been and is being carried on in the field of human 
engineering by the British Medical Research Council (Craik, 1944 and 
1945), the United States Air Force ( Fitts, 1947b) and the United States 
Navy (F. V. Taylor), as well as by certain university engineering and 
psychology departments (Mead, 1949; Saville). So far, however, the 
work on the human aspects of the equipment design seems to have found 
little echo or support in industry (Dunlap). 


ENVIRONMENTAL FACTORS 


i-nvironmental engineering is concerned with air conditioning, light 
conditioning and noise conditioning. The sanitary and toxicologic aspects 
may be considered as a separate field, although the division lines are 
tenuous and to some degree artificial. Thus air conditioning includes 
not only the control of temperature, humidity and air movement but also 
the cleanliness of the air ( Witheridge ). 

Miniature work situations appear to provide a particularly valuable 
tool for research concerning environmental factors and their effects. It 
is one of the main aims of the present review to bring this possibility 
to the attention of industrial research workers. In the preceding sections 
we have described specific uses to which this method has been put in 
other sectors of the science of human work, in the hope that the technics 
could be adapted to the experimental study of the worker’s physical 
environment and physiologic alterations. 

The ways in which the body responds.to variations in environmental 
temperatures and humidity have been studied extensively (American 
Institute of Physics, pages 489-583; Dill, 1938 and 1939, especially page 
561 and following pages; Humphreys, Imalis and Gutberlet ; Viteles and 
Smith; Winslow and Herrington.) The recent literature dealing with 
heat was summarized by Machle and Hatch in 1947. Studies of the 
effect of cold on man were surveyed by Day in 1943. As a rule, the 


laboratory investigations used treadmill walking as the standard physical 


work. This was true also of some field studies in which work tests were 
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done in an indoor laboratory (Robinson, Dill, Wilson and Nielson). 
Marching was used for the outdoor work. The relations between the 
effects of hot environment, physical work and hydration were discussed 
in detail by Adolph. The physiology of heat regulation, with special 
reference to the effectiveness of clothing as a thermal barrier, was treated 
in detail in a recent monograph edited by Newburgh. 

Military concern directed the attention of research workers to the 
desert and the tropics. Studies such as those made by Dill and his 
co-workers at the Harvard Fatigue Laboratory on workers engaged in 
building Boulder Dam and working in steel mills at Youngstown, Ohio, 
are conspicuous by their rarity (Dill, Bock, Edwards and Kennedy, 
especially page 424 and following pages; National Research Council, 
Committee on Work in Industry, pages 23-26; Talbot). The effects of 
heat and humidity on typical modern industrial operations have been 
studied even less (Mackworth, 1946; Vernon, 1928). 

The extremes of barometric pressure have been of little concern to the 
students of human work in industry. However, it is nothing but a 
tolerable convention that aviation medicine is separated from the rest of 
industrial psychophysiology. McFarland, in his study on oxygen depriva- 
tion, utilized essentially the principle of miniature work situations. The 
subject’s task was to turn off a light, maintain the pointer of a meter 
at a constant setting and regulate by foot the speed of a motor on the 
basis of auditory cues. The effects of noise on performance was studied 
by Laird and by Viteles and Smith. 

The method of miniature job situations has been used in several 
studies on the relationship between illumination and visual performance. 
Ruffer used sorting of cards and metal rods and stringing of pearls on a 
wire as the work tasks. Stréer, in one of the best studies in this field, 
required his subjects to measure metal pegs with a precision caliper. In 
his second work test the subjects counted white threads on linen cloth. 

With rare exceptions (Spragg ; Spragg and Rock) the experimental 
work done in this country on illumination and performance is largely 
based on ordinary reading as the visual task (Luckiesh and Moss, 1937 
and 1942; Tinker). Reading is obviously an important task to study. 
However, it has severe limitations as an experimental technic and cannot 
be regarded as representative of a variety of industrial operations which 
involve vision as a critical component of performance. It has been argued 
by Luckiesh that the rate of reading is an inadequate criterion on 
which to base generally valid recommendations of foot candte levels: 
“Obviously, the rate of reading is not a criterion of the optimum or 
desirable footcandle level for the garment worker, for example, who 
sews with black thread on textiles of low reflectance. Likewise, it is not 
a criterion of the optimum footcandle level for myriad other tasks” 


( Luckiesh, 1948 b, page 718). Weare not concerned here with the value 
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of the reading rate as a criterion of adequate illumination for reading. 
Reading, no matter what aspects of performance or psychophysiologic 
effects one might measure, cannot serve as a basis for recommendations 
of industrial illumination, because reading is not similar enough to many 
industrial operations to make the inferences valid. 

The correct procedure, in our opinion, is to submit representative 
industrial operations to a rigorous experimental analysis. This is a 
responsible and badly needed job. The experts (Illuminating Engineer- 
ing Society, 1942) who formulated the recommendations for industrial 
lighting had a useful background of practical experience but little data 
on the effect of illumination which would withstand the test of critical 
analysis and be applicable to the problems at hand. The long series of 
researches on industrial lighting published between 1936 and 1939 in the 
Transactions of the Illumination Engineering Society represent a good 
deal of exploratory work, but little or no evidence is provided for the 
recommendations or for such claims concerning increased illumination as 
increased productivity, conservation of vision, decrease of accidents and 
reduction of errors. The difficulties encountered in industrial investiga- 
tions are typified in the report on lighting in the shoe industry: “Facts 
or figures could not be gathered as to the percentage of spoiled raw or 
semi-finished materials because of the reticence of the industry in divulg- 
ing the disposition of seconds” (Illuminating Engineering Society, 1937, 
page 312). 

In the laboratory of physiologic hygiene of the University of Minne- 
sota a work test was developed for experimental investigations of factors 
affecting visual performance and fatigue which reproduces the essential 


features of industrial inspection of objects transported on a‘ conveyor 
(Brozek, Simonson and Keys, 1947). The test fulfils satisfactorily the 
following requirements: (1) a well standardized work task, (2) the 
possibility of easy quantitative evaluation of performance, (3) a clearcut 


relationship to fundamental visual functions, (4) elimination of auxiliary 
functions (such as manual skill in manipulative operations and verbal 


intelligence in reading), (5) rapid reaching of the performance plateau in 
order to prevent complicating the experimental variation of illumination 
by continued training, (6) practical applicability of results and (7) the 
possibility of varying critical factors affecting performance. 

The visual work consists in recognition of details (single letters) 
presented in random order, at different intervals and at different levels 
of the belt viewed through a narrow vertical slit. The difficulty of the task 
may be adjusted by varying the size of the details, the speed of the 
belt, the size of the opening within which the letters are viewed and the 
degrees of contrast between the letters and the background. In studying 
the effects of illumination, the levels of 2, 5, 15, 50, 100 and 300 f. c., 


measured at the plane at which the letters appeared, were used (Simon- 
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son and Brozek). The average performance scores, referring to correctly 
recognized letters out of 100 letters seen, were 72.6, 83.7, 90.6, 94.2, 94.6 
and 94.00, respectively. 

Performance is not, and should not be considered as, the only 
criterion of the adequacy of illumination. In this we fully agree with 
Luckiesh (1948 a). In our study we have considered not only the average 
output but also the performance decrement from the start to the end of 
the 2 to 4 hr. work period. In addition we have studied changes in a 
large number of visual characteristics and functions (blinking rate, 
recognition time, fusion frequency of flicker, brightness discrimination, 
abduction and adduction power, vertical divergence, accommodation 
near point and convergence near point, and eye movements). A stand- 
ardized inventory of complaints was used. The fact remains that the 
performance criterion was more sensitive to changes in the level of 
illumination than any other characteristic we have measured ( Brozek, 
Simonson and Keys, 1950). 

It would be incorrect and completely out of line with our basic 
philosophy to generalize the information obtained for this particular task 
by applying it to other dissimilar operations. In the study on illumination 
and output (Simonson and Brozek) several important features, par- 
ticularly the speed of the conveyor and the degree of contrast between 
the details and the background, were kept constant. The relationships 
between illumination, output and the functional changes undoubtedly 
would be influenced by altering these characteristics of the experimental 
situation. This should not be interpreted as scientific nihilism. The 
endless variety of industrial operations can be reduced to a manageable 
number of typical operations (Simonson ). 


COMMENT 

The production engineer utilizes effectively the principle of “pilot 
plants” in which the details of a production process are tried out before 
mass production is set up in the regular plant. The pilot plants are 
concerned almost exclusively with the technologie aspects. The principle 
of miniature work situations can be applied also to the study of the 
human aspects of the industrial work. The miniature work situations 
may serve as a methodologic bridge between the classic laboratory 


approach and the types of research which can be carried on in industry. 
Only a very limited number of the data obtained by the technics of 
classic physiologic and psychologic research yield information which 


can be extrapolated into industrial situations. In spite of the numerous 
studies on fatigue, there is no scientific basis whatsoever for the quanti- 
tative fatigue allowances which enter as a factor into most calculations 
of industrial production. There are few if any data on what the optimal 
speeds of work are for different operations of an 8 hour day. 
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The types of physical work classically studied in the laboratory, such 
as riding the bicycle ergometer or walking on motor-driven treadmills, 
bear little resemblance to the large majority of industrial operations. 
It is possible to study directly in industry, largely in a “naturalistic” 
way, some of the factors constituting the physiologic stresses to which 
the worker is exposed. However, as a rule, the research worker is limited 
to the observation of existing conditions and of such variations of them 
as are produced naturally (e. g., variations of temperature or of daylight 
illumination). Rigorous and systematic experimental work is not feasible 
in actual factory situations where production schedules must be rigidly 
followed and the quality of work may not deviate from the prescribed 
standards. Weston, who had extensive experience in field studies on the 
effect of illumination, expressed a firm belief that a scientific basis for 
lighting practice can be obtained only by means of laboratory investi- 
gations: 

Experimental studies, made by taking jobs—or their visual equivalents—into 
the laboratory, where the fortuitous circumstances and multiplicity of variables 
which so ofen complicate the issue in “field” investigations can more easily be 


avoided, offer the best hope of elucidating the relationship between visual efficiency 
and the primary features of work-sights (Weston, page 170). 


In the field of human nutritional research, the study by Keys, 
Henschel, Taylor, Mickelsen and Brozek on the effects of restricted 
intake of vitamins of the B complex, and the investigations on the 
nutritional status of aircraft workers in Southern California summarized 
by Borsook and Wiehl, are good examples of laboratory and plant 
studies, respectively. The advantages and limitations of both approaches, 
as far as inferences concerning work capacity are concerned, are 
brought out very clearly. 

In the first study the subjects were characterized in terms of the 
results of routine clinical procedures ; amounts of thiamine and riboflavin 
excreted in the urine; pulse rate; treadmill work capacity; heart size; 
electrocardiogram ; gastric emptying time ; basal metabolic rate ; dextrose 
tolerance; blood level of lactate following rest and following standard 
work or injection of dextrose; motor, sensory and intellective functional 
capacities, and a variety of personality evaluations. The results of 
psychomotor tests were presented in detail (Brozek, Guetzkow, Mickel- 
sen and Keys). The test battery was large, including tests of strength, 


speed of finger movements, two plate tapping, toe reaction time, complex 


body reaction time, speed of forearm movements, and eye-hand (or foot) 
coordination. In spite of this, it was considered incomplete. The tests 
were short, and the possibility could not be excluded that more prolonged 
tests would have shown more strikingly the effects of vitamin deficiency. 
It was noted that the analytic tests do not lend themselves to a realistic 


testing of endurance, which is an important dimension of industrial work 
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capacity, and the use of miniature work situations was recommended for 
studies designed to provide information that could be applied to industrial 
situations. 

In the study directed by Borsook the following methods were used for 
the appraisal of nutritional and physical status: (1) a record of the 
condition of the skin, (2) determinations of thresholds of vibratory 
sensitivity, (3) a record of corneal vascularity, (4) a biomicroscopic 
examination of the tongue and (5) a routine urinalysis. No performance 
tests were included, but three criteria for the appraisal of industrial 
performance were used: (1) records on absenteeism, (2) records on 
terminations of employment, military and nonmilitary, and (3) merit- 
rating scores. Only the latter information could be expected to shed a 
more direct light on performance capacity, but in view of the complexity 
and the unreliability of merit ratings, such data are of little scientific 
value. 

The usefulness of the technic of miniature work situations has been 
demonstrated in several sectors of the science of human work. The 
earliest uses had to do with selection and training of men for specific 
duties. In such cases the value of a simulated workplace has been 
obvious. Less obvious has been the value of using the technic for 
fundamental studies of human competence and performance and of their 
deterioration under conditions of physiologic stress. A wider apprecia- 
tion of the need to study the problems of man at work in a close app1oxi- 
mation to the types of work actually done has developed as an outgrowth 
of World War II. Interest has been quickened with respect to equipment 
design as related to the human factors. Such studies have been concerned 
frequently with details of the equipment—for example, the size and shape 
of knobs, the type of dials, the length of levers and the frictional resistance 
of movable controls. The collaboration of the mechanical engineer, the 
psychologist, the physiologist and at times the physical anthropologist 
was a step in the right direction. However, the area that actually has 
been cultivated is small, and the full exploration of the potentialities of 
miniature work situations for the study of physiologic stress in industry 
remains a task for future research. 

In connection with equipment design, tests on human operators were 
carried on, as a rule, over a short period. Also, the approach was bio- 
mechanical rather than biologic. In any comprehensive study of human 
factors in industry, as well as in military problems, the variations in the 
state of the organism and its physical environment must be taken into 
consideration in addition to the considerations of equipment. 

In the present paper we were concerned with physiologic factors 
constituting and affecting human work capacity. The terms “psycho- 
physiologic factors” and “psychophysiologic stress” could have been 
used, perhaps to advantage. Obviously all human work involves the total 


| 

4 
q 
ty 
Sy. 
i 
if 


8 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


organism, including the central nervous system. Nevertheless, it is 
possible to separate the individual-personal from the social-interpersonal 
aspects. We do not wish to imply or suggest that the “human” atmos- 
phere is less important than the “physical” atmosphere. Tensions 
between the workers, unjust and unfriendly acts of a supervisor, irritat- 
ing plant policies may be a source of a very real stress (which may 
express itself in physiologic symptoms ). 

In determining in the past the physiologic optima for various types 
of heavy work, such as transport of loads, cranking, shoveling, hammer- 
ing, bricklaying and stair climbing, the amount of work usually was 
fixed and the effects of varying the critical components of the job were 
studied, primarily in terms of oxygen consumption. The variations 
concerned such features as the size of the load and the speed at which 
it was to be transported, the length of the cranks and shovel handles, the 
surface of the bricks and the incline of the stairs. This work has been 
summarized by Atzler (1939, pages 211-227). 

It is obvious that such an approach can be made only in studies of 
those types of work in which the variations of experimental conditions 
result in important changes in expenditure of energy. In modern indus- 
trial work this is the rare exception rather than the rule. Simonson’s 
study concerning the energy demands of three methods of molding 
(manual, with use of a lever, and with use of a hydraulic press) may 
serve as an example of situations in which the technic of measuring the 
energy expended may be useful. A comprehensive study of physiologic 
changes taking place in steel mill work was made by Simonson and 
Dobrin. 


The line between the actual and the laboratory version of occupa- 


tional tasks is a fluid one. Some jobs, such as proofreading or type- 


writing, can be used with little alteration ; one needs only to standardize 


the task and make performance amenable to quantitative evaluation. 
For some purposes a complex job can be broken down into the elemen- 
tary components ; for example, the characteristics of knobs can be studied 
to a large degree independently of their specific uses. In other cases the 
essential features of the job as a whole must be reproduced. At times an 
industrial study can be carried out under conditions approaching the 
standardization and control obtained in the laboratory. 


SUMMARY AND CONCLUSIONS 
Miniature work situations represent a research tool which bridges 
the gap between classic analytic laboratory investigations and industrial 
studies. They combine the realism of the latter with the possibility of 
a systematic experimental research characteristic of the laboratory 
approach, 
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Their uses have been reviewed in connection with questions of gen- 
eral and specific (occupational) fitness, training, reciprocal adaptation 
between man and machine, and the effects of physical environment. 

Miniature work situations are of considerable potential usefulness 
in the experimental study of industrial work and provide a promising 
approach for the analysis of the physiologic stresses persisting in machine 
age industry. 
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THRESHOLD LIMIT VALUES 


Adopted at the Meeting of the American Conference of Governmental 
Industrial Hygienists in Chicago in April 1950 


GASES AND VAPORS 


SUBSTANCE 
Acetaldehyde 
Acetic acid 
Acetic anhydride 
Acetone 
Acrolein 
Acrylonitrile 
Ammonia 

Amy! acetate 
Isoamy! alcohol 
Aniline 

Arsine 


Benzene (benzol) 

Bromine 

1, 3-Butadiene 

n-Butanol 

2-Butanone 

n-Butyl acetate 

Butyl cellosolve® (2-Butoxy- 
ethanol) 


Carbon disulfide . 
Carbon monoxide 
Carbon tetrachloride 


Cellosolve® (2-Ethoxyethanol) . . 


Cellosolve® acetate 
Chlorine 


1-Chloro-1-nitropropane 
Cyclohexane 
Cyclohexanol 

. Cyclohexanone 
Cyclohexene 

i Cyclopropane (propene) 


o-Dichlorobenzene 
Dichloragifluoromethane 
1, 1-Dichloroethane 


SUBSTANCE 
1,2-Dichloroethane (ethylene 
dichloride) 
1, 2-Dichloroethylene 
Dichloroethyl ether 
Dichloromethane 
Dichloromonofluoromethane 
1, 1-Dichloro-1-nitroethane 
1,2-Dichloropropane (propylene 
dichloride) 
Dichlorotetrafluoroethane 
Dimethylaniline 
Dimethylsulfate 
Dioxane 


Ethyl acetate 

Ethyl alcohol 

Ethyl! benzene 

Ethyl bromide 

Ethyl chloride 
Ethylene chlorohydrin 
Ethylene oxide 

Ethyl ether 

Ethyl formate 

Ethyl silicate 


Formaldehyde 
Gasoline 


Heptane 

Hexane 

Hydrogen chloride 
Hydrogen cyanide 
Hydrogen fluoride 
Hydrogen selenide 
Hydrogen sulfide 


Mesityl oxide 
Methanol 


|: 
500 
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THRESHOLD LIMIT VALUES 


SUBSTANCE 

Methyl bromide 

Methyl! butanone 

Methyl cellosolve® (2-methoxy- 
ethanol) 

Methyl cellosolve® acetate .... 

Methyl chloride 

Methylcyclohexane 

Methylcyclohexanol 

Methylcyclohexanone 

Methyl! formate 

Methy! iso-butyl ketone 

Chlorobenzene 

Fluorotrichloromethane 


Nitrotoluene 

Naphtha (coal tar) 

Naphtha (petroleum) 

Nickel carbonyl 

Nitrobenzene 

Nitroethane 

Nitrogen oxides (other than 


Nitroglycerin 
Nitromethane 
2-Nitropropane 


TOXIC DUSTS, 


SUBSTANCE 


Cadmium 

Chlorodiphenyl 

Chromic acid and chromates 
as CrOs 

Cyanide as CN 


Dinitrotoluene 
o-Dinitrocresol 


Fluoride 


Iron oxide fume 


SUBSTANCE 
Octane 
Ozone 


Pentanone (methyl propanone) 


Phosgene 

Phosphine ... ad 
Phosphorus trichloride ... 
Isopropyl alcohol . 
Propyl acetate 

Isopropyl ether .... 


Stibine 

Stoddard solvent .... 

Styrene monomer .... 
Sulfur chloride 


Tetrachloroethylene 
Toluene 

Toluidine 
Trichloroethylene 
Turpentine 


Vinyl 


FUMES AND MISTS 


SUBSTANCE 


Magnesium oxide fume 


Manganese 
Mercury 


Pentachloronaphthalene 
Pentachlorophenol 
Phosphorus (yellow) 
Phosphorus pentachloride 
Phosphorus pentasulfide 


Selenium, as Se 
Sulfuric acid 


Trichloronaphthalene .. 
Trinitrotoluene 


Zine oxide fume 


P. P.M. P. P.M, 

25 

500 

100 

500 1,1,2,2-Tetrachloroethane ..... 5 

MG. PER MG. PER 
cu. M. cu. M. 
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MINERAL DUSTS 
SUBSTANCE M. P. P. C.F, SUBSTANCE 


Alundum 50 Tale 


Asbestos 
Silica 
high (above 50 % free SiO.) 


Carborundum 
medium (5 to 50 % free SiO.) 


Dust (nuisance, no free silica) 5 low (below 5% free SiO;) 
5 


Slate (below 5% free SiO.) 


Mica (below 5% free silica) 
Soapstone (below 5 9% free SiO,) 


Portland cement Total dust (below 5 % free SiO.) 


RADIATIONS 


MATERIAL OR RADIATION MATERIAL OR RADIATION 


Gamma (roentgens per weck).. 0.3 Roentgen ray (roentgens per 
Radon (curies per cubic meter) 10°5 week) 


Thoron (curies per cubic meter) 1078 


C. E. CoucuMan F. R. INGRAM 
L. F. Garrer J. Suen 


FAIRHALL, Chairman 
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News and Comment 


HOSPITAL NAMED FOR DR. LLOYD NOLAND 


With the unveiling of a bronze plaque before the Employees Hospital of the 
Tennessee Coal, Iron and Railroad Company, the name of the late Dr. Lloyd 
Noland, Southern pioneer in industrial medicine, on April 22 became permanently 
affixed to the institution he founded and directed until his death last year 

Featured speaker at the dedication was Dr. George V. Brindley, Temple, 
Texas, president of the Southern Surgical Association. Messages of greeting from 
Benjamin F. Fairless, president of United States Steel Corporation, and Dr 
Ernest E. Irons, president of the American Medical Association were read to 
the assembly, which included relatives and professional friends of Dr. Noland 

When Dr. Noland came to the Birmingham District in 1913 TCI employees 
were plagued with malaria, typhoid, smallpox and diseases of the digestive tract 
and there was a labor turnover of almost 400 per cent a year. Under his direction 
a health service was set up which reached all company villages and which within 
a few years reduced the incidence of infectious diseases to almost 
proportions 


negligible 


The 350 bed hospital which now bears his name and which was conceived 
by Dr. Noland and built under his immediate supervision was completed in 1919 
A five story brick building located in Fairfield, Ala., it houses complete medical, 
surgical and dental facilities for the company’s more than 30,000 employees and 
their families. More than 200,000 bed patients have been treated within its walls. 


INDUSTRIAL NURSES PASS RESOLUTION AGAINST 
COMPULSORY HEALTH INSURANCE 


At the Seventh Annual Conference of the American Association of Industrial 
Nurses, April 25 to 29, in Chicago, the following resolution on compulsory health 
insurance was adopted with the stipulation that it be sent to President Truman 
and also to Congress 

WHEREAS, nurses in industry are deeply concerned with all measures that 
protect and promote the health of the American people, as well as that of the 
industrial worker, because his well-being and that of his family and community 
are inseparable ; and, 

WHEREAS, nurses in industry appreciate the values in voluntary prepaid 
plans that will make medical care available to our people in every area, both 
rural and urban; and, 

WHEREAS, nurses in industry are actively participating in health programs 
initiated and maintained under our system of free enterprise; and, 

WHEREAS, these programs have been a powerful factor in the achievement of 
America’s enviable health record and will increasingly factor in its furtherance; and, 

WHEREAS, the plans for voluntary health insurance have been widely extended 
and their provisions broadened and are now at the portal of great achievement, 
now, therefore be it 

RESOLVED, that the American Association of Industrial Nurses goes on 

record as opposing any form of compulsory health insurance; and, be it 
further 

RESOLVED, that the American Association of Industrial Nurses encourages 

the further development of the system of voluntary health insurance plans; 
and, be it further 

RESOLVED, that the American Association of Industrial Nurses urges 

that in order for the program to be effective all necessary nursing service 
be made as readily available as medical care 
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Abstracts from Current Literature 


General 


KERATOCONJUNCTIVITIS IN METALLURGIC INDUSTRIES. GeNot, PACT 4:25 (Feb.) 
1950, 


Genot, in his capacity as industrial medical inspector of the Belgian district 
of Namur, reports on an epidemic of keratoconjunctivitis which occurred in a 
large metallurgic plant. More than 50 workers were affected. The disease starts 
as conjunctivitis of the lower eyelid. A small lymph node, indurated, isolated 
and tender, appears in the preauricular region and may be considered as a definite 
sign. The conjunctivitis becomes follicular, involves the second eye and has a three 
week course. Confluent corneal nodules, causing impairment of vision, may follow 
as a complication. The conjunctivitis reported was of only eight days’ duration, 
and corneal complications were observed in only 2 instances. The common 
antiseptics were ineffective, but convalescent serum and aureomycin showed some 
effect. 

The measures taken were as follows: 1. The Inspectorate of Hygiene was 
notified. 2. The patient was isolated on sick leave for eight days. 3. The patient 
was immediately examined by an ophthalmologist. 4. Precautionary measures 
were practiced at the first aid post to prevent other workers from being infected 
through using contaminated pipets or instruments for the removal of foreign bodies. 


InpusTRIAL Hycrene. H. H. Scurenk, Indust. & Engin. Chem. 42:81A (April) 
1950 


A new bimonthly column, “Industrial Hygiene,” to alternate with one entitled 
“Safety,” is introduced in this edition of Jmdustrial and Engineering Chemistry. 

The first column on industrial hygiene is a survey of the general field— 
considering that in its broadest sense “industrial hygiene” means the complete 
understanding of man in relation to his working environment. Historical events 
which have influenced the development and growth of industrial hygiene in this 
country are outlined, and the problems created by war demands are considered. 
Studies of many chemicals, rare and common, have been made and safe procedures 
outlined for their use; much experience has been gained by the industrial hygienist 
and he “. is now ready to assume the responsibility [of stating] that 
any substance, regardless of toxicity, may be used safely, provided a knowledge 
of its action is obtained and proper control procedures are followed. Were it not 
for this fact, great segments of industry would be forced to close.” 


R. J. SHerwoop, Brookline, Mass. 


Recent DeveLOPMENTS IN INDUSTRIAL SELECTION TECHNIQUES. W. S. PorTEous, 
J. Ment. Sc. 96:235 (Jan.) 1950. 


Porteous describes the selection procedures in use at the industrial plant with 
which he is connected. Three distinct tools are employed: first, a biographic 
questionnaire completed by the candidate; second, an individual interview, and 
third, appropriate standardized psychologic tests. 
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ABSTRACTS FROM CURRENT LITERATURE 103 


Tue Future or OccurationaL Hearts. Donatp Srewart, Brit. M. J. 2:156-159 
(Jan. 21) 1950. 


DEVICES FOR THE PROTECTION OF THE WorKER AGAINST INJURY AND DISEASE. 
D. Hunter, Brit. M. J. 1:449 (Feb. 25); 506 (March 4) 1950. 


Hunter reviews the achievements of both pure and applied science in the 
protection of the health of workers. 

In discussing the prevention of accidents he emphasizes the elimination of 
transmission machinery, the use of efficient guards for machine tools, protective 
clothing, goggles for protection against intense light and heat and protective eye 
screens for electric arc welding. One of the best methods of lessening accidents 
is the promotion of “works safety committees,” on which the workers, the 
management and the works medical officers are all represented. 

Prevention of infection, suppression of dust and fume and prevention of skin 
contamination are discussed under separate headings 

In protecting the worker against the effects of roentgen rays and radioactive 
substances, including the effects of nuclear fission, the industrial physician must 
collaborate closely with the physicist. Protection must be provided for those 
who work in factories and laboratories and for the community near by. The 
inspection and the supervision of the workers are best accomplished by a special 
health-physics team, which might employ 70 inspectors to deal with 1,500 workers. 
To detect the amount of radiation received workers must wear photographic 
films sensitive to beta and gamma rays—the so-called personnel-monitoring meters. 
The worker’s blood, sputum, expired air, urine and stools should be tested regularly 
for’ alpha, beta and gamma emission. 

The author emphasizes the importance of research to discover safe materials 
that may be substituted for harmful ones used in industrial occupations, as well as 
the importance of engineering devices to prevent accidents and diminish absorption 
of toxic substances. 

Two toxicologic problems are discussed which await investigation: Dinitro- 
orthocresol (DNOC) and 0,0-diethyl 0-para-nitrophenyl thiophosphate (parathion) 
are both used as sprays for crop protection. They are deadly in their effects on 
man, and precautions are necessary to prevent harm to those who handle them in 
factories, greenhouses, orchards and fields. 


Report oF H. M. Curer Inspector or MINES FoR tHE YEAR 1947, London, 
His Majesty’s Stationery Office, 1949. 


Much of the report is devoted to the subject of accidents. The accidents are 
classified as “fatal” or as “reportable,” the latter category being those of such 
a nature as to be reportable under the provisions of the Coal Mines Act. “Falls 
of ground” still remain the predominant cause of underground accidents. The 
number of such accidents continues to decline. In 1947 it was 0.43 per 1,000 persons 
employed underground, as compared with 0.74 per 1,000 in the period 1933-1942, 
The decline is the result of a determined campaign to reduce accidents from this 
cause. 


Five serious colliery explosions occurred during the year. Mostly it appears 
that where explosions occur the system of ventilation leaves much to be desired. 
The fundamental importance of ventilation in preventing firedamp explosions 
is reemphasized. Coal dust still plays its part in causing explosions, and attention 
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is again directed to the regulations which require stone-dusting to be carried 
out. It is not always recognized how quickly a potentially dangerous layer of 
coal dust can accumulate. 

During the year 111 persons were killed and 597 injured in accidents owing to 
underground haulage and transport, while in accidents on the surface 34 were killed 
and 255 seriously injured. Of the accidents on the surface, 4 of the fatalities 
and 52 of the others were incurred by youths of less than 18 years of age. 

“Beat knee" has occurred with increased frequency in recent years, probably 
owing to the increased use of conveyors in thinner seams—the ideal knee pad 
has yet to be designed 

Certified cases of pneumonoconiosis in the South Wales coal field (which 
includes the anthracite area) numbered 3,800, compared with a peak number of 5,821 
in 1945. In the other coal fields the number of cases is growing, and reached 
950 in 1947. Much energy is being expended on the dust problem: 

Appendixes give much statistical information about employment, output, 
extent of mechanization, accidents and their causes and industrial diseases The 
total number of persons employed at the mines was nearly 729,000. These worked an 
aggregate of 179.7 million man-shifts, and raised 191 to 199 million tons of mineral. 
Altogether 618 persons were killed and 2,446 seriously injured. Comparative 
figures for these quantities are given for each year back to 1947. 


Bevrorp, London, England. 


Wuen ann How Patients with Artertat Hypertension Can Work. F. 
Cutovino, Med. depor. y trab. 14:2858 (Oct.) 1949, 


Work Piacement. Jan Rowrat, Pracoyni lék 1:95, 1949. 


Correct placement of workmen based on medical examination is discussed. 
There are two main sides to the problem: (1) how to evaluate the ability of the 
workman and (2) how to evaluate the work and the working surroundings from 
the point of view of burdening the man joth these questions are discussed 
from a broad angle. Different classifications of the working ability of men are 
compared, as well as classifications of types of work and working surroundings. 
The mutual relationship of both types of classifications is stressed. The problem 
of the placement of the partly disabled is discussed, and a classification of their 
ability to work is given. Finally the responsibilities of the physician, of the 
engineer, of the social worker and of the management regarding proper place- 


ment are considered. From tHe Autuor’s SumMARY. 


Occupational Diseases and Hazards 


PNEUMOcONTOsSIS AND Lunc Cancer: Speciat REFERENCE To StLicosis 
AND Asbestosis. L. W. Smrru, Compens. Med. 2:3 (Novy.) 1949. 


Pneumonoconiosis is discussed with particular reference to silicosis and asbestosis 
and the subsequent association of pulmonary cancer. An attempt has been made 
to analyze critically the statistical data which has been presented in the literature 
over the last quarter of a century, both pro and con, respecting the etiologic 
relationship of these two conditions. The inadequacy of the evidence incriminating 
silicosis as an etiologic agent in the development of cancer of the lung is pointed out, 


and it is emphasized that such data should be reviewed by the court in considering 
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compensation on the basis of insignificant statistical data. with respect to control 


information, viz., the incidence of carcinoma of the lung in the community in 


which the patient lives and in the occupational group as a whole, corrected for 


age and sex. Otherwise, such evidence will be found wanting and inevitably in 


tavor of the claimant. It is recognized that such claims will increase because 
carcinoma of the lung throughout the world is increasing 


Dermatoses Dur to KAmMBALA Woops—ULceRations Due to Curomium Com 
pounps. A. LANGELEz, PACT 4:26 (Feb.) 1950 


Ulcers of the hands and feet and pertoration of the nasal mucosa may occur 


among workers in plants handling chromium compounds (chrome steel, chromates, 


bichromates, etc). Prevention consists in the use of barrie creams where possible 


and where they cannot be used in thorough washing with water and the appli 


cation of a solution which is 25 per cent hydrochlori acid, 25 per cent alcohol 


and 50 per cent water, or, alternately, of a 2 per cent astringent solution of 


iron sulfate sorated or sulfated cream should be applied to the accessible 
nasal cavity with the aid of a finger 


Kambala wood workers are exposed to an irritative or toxic dust. The skin 


lesion which may develop is polymorphous Mild pruriginous erythema may occur 


in some persons, while in others isolated or confluent papules may develop. There 


may be more or less generalized eczema involving the neck and ears. Disseminated 


papules may appear on the chest, the back or the extremities The mucosa of 


the eye may be involved frequently. Certain persons may present involvement 


of the respiratory passages with the clinical aspect of severe and prolonged attacks 


of asthma. The dermatosis may subside when exposure ceases temporarily, and 


immunization may result from the first contact with the irritative dust. On the 


other hand, permanent sensibilization may result. Local aspiration of dust, 
protecting clothes and goggles, repeated washing of the hands and the use of 
barrier creams for hands, face and nostrils may effect control 


Skin CANCER IN THE ENGINEERING INDUSTRY FROM THE Use oF Minerat Orn 


C. N. D. Crurcxsuank and J. R. Sourre, Brit. J. Indust. Med. 7:1 
(Jan.) 1950. 


This study indicates that the hazard of skin cancer is found in certain jobs 


in the engineering industry The evidence is drawn from three sources: (a) 


workers exposed to cutting oils in “bar automatic” 


shops ; records of patients 
with scrotal cancer at the United Birmingham Hospitals, 1939 to 1948: 
I 


(¢) animals 
in which tumors were produced by painting with a sample of cutting oil Of 


the 138 employees examined, 79.6 per cent showed oil folliculitis and 


32.6 per cent 
pigmented rugose warts similar to the 
ones observed in tar workers and mule spinners 


showed either hyperkeratotic plaques or 


\ case of scrotal cancer in a patient 42 years of age is reported as further 
evidence of possible carcinogenicity of cutting oils 


At the United Birmingham Hospitals during the period from 1939 to 1948 
34 patients with scrotal cancer were treated 


Of these, 6 were machine operators ; 
© were workers exposed to oil in the engineering industry ; 13 were tar and pitch 
workers; 9 were employed in other ways 


Biologic tests showed that cutting oil produced benign tumors in 2 of 4 rabrbts 
by the fifty-second week, and a benign keratinized papiMoma 
pure strain C57 mice after 54 weeks’ painting 


in 1 of 46 brown 
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Measures for the protection of machine operators are reviewed under the 
headings of adequate guarding, protective clothing, cleansers and barrier creams, 


and medical inspection. L. S. Boston 
. 5. SNEGIG 


Tue Fare or Siticeous Dusts 1n tue Bopy: I. A Comparison oF THE IN Vivo 
SOLUBILITIES OF CEMENT, CARBORUNDUM, QUARTZ, AND Sano. 
P. F. Hort, Brit. J. Indust. Med. 7:12 (Jan.) 1950 


Molding sand, quartz, carborundum and cement dusts were injected intra- 
peritoneally into mice. The amount of silica excreted in the urine was increased 
to an appreciable extent only by cement. Tissue analyses confirmed this result and 
suggest that cement has a relatively high solubility in body fluids. 


From tHe AutHor’s SUMMARY. 


Broncnopynamic AERoso.s IN Stupy or Resprratory Function Patients 
Stuicosis. L. Parmeccianr and A. Pineroto, Med. lavoro 40:297 
(Dec.) 1949 
Tieffenau’s bronchodynamic tests were carried out on 80 persons, including 

3% with silicosis, 20 with asthma and 24 normal persons. The tests are of no 
value in determining the degree of respiratory insufficiency. They are dependent 
on the collaboration of the patients and are based on differences not of quality but of 
quantity ; these differences, first of all, require a difficult statistical evaluation. The 
results depend not only cn the respiratory efficiency but also on the state of 
neurosympathetic reaction, .The bronchodynamic tests do not expose all patients 
examined to the same and constant stimulation. 


Heattn Hazarps IN THE CHLOROPRENE RusBBER INDUSTRY AND THEIR PRE- 
vention, Axe E, Nystrém, Acta med. Scandinav. 1948, vol. 132, supp. 219. 
The monograph presents an extensive investigation of chloroprene. The 

experimental studies were carried out in the industrial hygiene department of the 

Swedish Institute of Public Health, while the clinical observations were made in 


various plants where chloroprene was employed in the manufacture of synthetic 
rubber. 


In the introduction and throughout the monograph Nystrém refers to and gives 
much credit to the reports published in 1936 on chloroprene by von Oéettingen, 
Hueper, Deichmann and Wiley. On the whole the author is in accord with these 
investigators, but in a number of instances the studies were extended. 


Nystrém could show that the pharmacologic properties of chloroprene, free of 
antioxidant, are influenced by the extent of its oxidation. When injected sub- 
cutaneously into rats the LDw for nonoxidized chloroprene (stabilized with catechol) 
was found to be 1 ml. per kilogram of body weight, while it was 0.5 ml. per 
kilogram for oxidized chloroprene. 

Rats exposed daily for 8 hours to a concentration of approximately 1.2 mg. 
per liter for a period of 20 weeks underwent loss of body weight, a decrease in 
concentration of hemoglobin and a reduction in the number of erythrocytes. The 
number of leukocytes increased. Five of 10 animals exposed to this concentration 
died during the experiment. Rats similarly exposed to a concentration of 0.2 mg. 
per liter showed mild, temporary signs of intoxication but no fatalities. Inhalation 
of chloroprene induced in rabbits some respiratory irregularities. After inhalation 
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of a lethal dose the blood pressure in the right auricle rose temporarily. The 
heart stopped in diastole. After exposure to toxic but sublethal concentrations 
of chloroprene, the oxygen capacity of the blood of rabbits dropped about 10 
per cent and the oxygen content about 8 per cent. The coagulability of the blood 
increased. The narcotic effect of chloroprene was found to increase with the 
degree of oxidation. 

Postmortem examination revealed pathologic conditions most frequently in the 
liver but also in the lungs and kidneys and occasionally in the brain and heart 
The effects on the lungs were most severe when the animals had been exposed 
to oxidized chloroprene. 

Only male Workers were employed in the Swedish plants engaged in the 
manufacture of synthetic rubber. Nearly all of these men had worked in agriculture 
or in local saw mills prior to being employed in the chloroprene industry. Signs 
and symptoms of intoxication were quent among the 30 men who worked the 
early pilot plant; 12 complained of fatigue 1 9 of pressure and pain in the 
chest. Other complaints included palpitation, giddiness, irritability, dermatitis 
and loss of hair. Apparently all suffered from hypochromic anemia. The men 
recovered during the subsequent years in spite of continued exposure. Unfortu- 
nately, information relating to the concentrations of chloroprene to which these 
men were exposed is not available, but it appears that the original concentrations 
must have exceeded 1.2 mg. per liter and that plant hygiene improved continuously 


and considerably. The Schneider test revealed nothing of significance 


Operation c° the first industrial synthetic rubber plant brought again the 
same subjective symptoms. Fatigue and pressure within the chest were most 
common in men employed in the distillation department, while loss of hair was 
most frequent among those tending the polymerization process. In contrast to 
these complaints, kidney and liver function tests and determinations of the basal 
metabolic rates showed no abnormalities. Equally negative remained the results 
of roentgenographic examination of the lungs, electrocardiographic studies and 
functional ergometric tests. 

Continued modification and improvement of plant procedures resulted in definite 
lessening of complaints. The loss of hair ceased almost entirely 


Wru1am B. Detcumann, Albany Medical College, Albany, N. Y. 


Sritcosis 1n STEEL AND IRON CLEANERS. P. Esxiipsen, Acta med. Scandinav. 
135:25 (July 18) 1949. 


The investigation described included clinical and roentgenologic examination of 
102 workers employed in a large Danish factory. Steel and iron castings were 
cleaned in separate shops, and sand blasting, water jet cleaning, and grinding and 


fettling were carried on in more or less enclosed cabins; crane drivers, weighers, 
and laborers were exposed to the dust from the cleaning of castings. The practice 
of using the compressed air jet to remove dust from the work was still prevalent 
when the investigation was begun in 1945, and mechanical means of dust removal 
appear not to have been provided; the dust was so dense that workers could not 
see one another. The molding material for steel was composed chiefly of quartzose 
sand; that for iron castings contained an admixture of clay. 


The results of the examinations are given as stages of silicosis based on the 
size of the roentgenographic shadows, S; being the size of a pinhead, S, that of a 
pea and S, larger than a pea and more or less fusing. Of the 102 workers 
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examined, 32 showed no definite signs of silicosis; 41 were in class S:; 19 in S; 23 
$ in Ss; and 2 in S:s or Ss. It is suggested that the first two classes should be 
regarded with some reserve, owing to the difficulty of diagnosing early stages. 
Of 18 workers who had cleaned only iron castings, 7 were normal, 8 were 
in class S,; 2 in Si.2, and 1 in S:. Of 31 steel casting cleaners, 10 were normal ; 
7 were in S:; 6 were in Sis; 6 were in Sz, and 2 were in Sis or Ss. Study 
of the duration of employment showed silicosis present in steel cleaners after 
5 to 10 years and in iron cleaners after 10 to 15 years. Workers otherwise employed 
in the castings-cleaning shops showed evidence of slight silicosis; similar changes 
were found in crane drivers, weighers and welders 

In the clinical assessment of the different degrees of pulmonary change reliance 
was placed on chest expansion, dyspnea on exertion and auscultation Subjective 
symptoms apart from dyspnea on exertion were rare, and physical signs were 
confined to scattered rales and rhonchi in a few cases 

Experiments have been made in which Norwegian olivine was successfully 
substituted for quartz sand as molding material, but it has been impossible to obtain 
sufficient supplies. Of other methods for preventing silicosis, respirators have been 
rejected by the workers; small castings will be cleaned by blast of sand, sand and 
water, or metal grit in sandblasting cabinets operated from outside; large castings 
will be cleaned by shot blasting, and it is hoped that workers will wear respirators 
at this operation, which does not involve severe exertion. 


From BULLETIN or Hyciene. 


Industrial Toxicology 


BLoop Stupres ON WorKeERS IN THE FuR-Fett Hat Inpustry. Leonarp 
GoLpwater, Month. Rev., New York State Dept. of Labor 29:1 (Jan.) 1950, 


The author offers hematologic data on a group of 281 fur-felt workers con 
trasted with 180 workers exposed to benzene and 81 controls. 


1. Hemoglobin was shown to exceed 16 Gm. in 64 per cent of the mercury 
exposures. 


2. Erythrocyte counts were elevated with benzene but were not unusual with 
mercury. 


3. Leukocyte counts were lowered with benzene but not remarkable with 
mercury. 


4. Lymphopenia was present in the benzene but not in the mercury or the 
control group 


5. Thrombopenia was observed only in consequence of the benzene exposure 
6. Macrocytosis was found in both the mercury and the benzene exposure group. 


The article contains 6 tables and 6 charts demonstrating these comparisons. 


Joun D. Rosvuck, Boston 


METABOLISM OF THE Hyprocarsons: A Stupy or COonpItions oF 
OXIDATION AND CONJUGATION IN THE ORGANISM. A. Fapre, Semaine d. 
hop. Paris 75:3095 (Oct. 10) 1949 


The metabolism of benzene and toluene was studied in vitro and in vivo. 
Various organs were removed and ground with sand. The resulting minced 
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tissue was exposed for various times under various conditions to the action of the 
compounds studied. Conjugation was found to be a function of time, temperature 
and concentration of benzene. Conjugation took place with all the organs studied 
In vivo studies confirmed the in vitro findings he metabolism of benzene 
is as follows: Benzene is carried by the blood to various organs where it under- 
goes oxidation and conjugation rhe conjugation is at a maximum in the liver 
but the kidneys, the heart, the spleen, the lungs and the brain are also active 
in the order given. The reaction behaves with the characteristics of an enzyme 
system. Sodium fluoride and monoiodoacetic acid inhibit the reaction The 
metabolism of toluene is as follows: Toluene is tranformed in the organism to 
derivatives of conjugated alkaline cresylsulfates and also into hippuric acid 
formed from the benzoic acid resulting from the oxidation of the side chain 
of toluene. Hippuric acid is the main end product of toluene 


Mary O. Amour, Cambridge, Mass 


ANATOMIC SUBSTRATE OF LEAD ENCEPHALOPATHY. F Groce, Schweiz. Arch. f 
Neurol. u. Psychiat. 64:101, 1949 


Grogg presents the cases of 2 men, both working in the printing trade, in 
whom lead encephalopathy developed. One man first had digestive disturbances 
at the age of 55, after he had worked for several decades in occupations involving 
contact with lead. Two years later, neurologic symptoms appeared in the form of 
paresis of the left arm and leg, also paresthesia, hyperreflexia, cloni and Babinski’s 
sign. About the same time the visual acuity diminished and there were scintillating 
of the eyes and vertigo. The patient died as a result of bulbar paralysis and 
pneumonia, The second patient died at the age of 41. He had worked for 12 
years as a typographer. Then he began working as a linotype operator, working 
for months at a defective machine with which he was constantly exposed to the 
vapors of lead. Digestive disturbances and attacks of colic appeared. Gradually 
flaccid paralysis of all four extremities developed Memory became impaired, 
and the picture became complicated with dysarthria. Death resulted from 
respiratory paralysis 

Histologic examination of the brain of the first patient revealed focal neuroglial 
proliferations of the external capsule, particularly in the putamen and the claustrum. 
Nodules were found in the vascular system throughout. the brain. Petechial 
hemorrhages existed in the cerebral medulla, and there were signs of chronic 
leptomeningitis 

In the second patient vascular infiltrations were obs« rved in the basal ganglions 
Neuroglial nodules were observed in the cerebral medulla and in the medulla 
oblongata. Areas of pallor and degeneration of the ganglion cells were present in 
the cerebral cortex. A diseased condition of the ganglion cells existed in the 
basal nuclei, in the cerebellum, in the olivary bodies and in the anterior horns 
of the spinal medulla. There were signs of neuritis in the peripheral nerves. 


Medicine and Surgery 


STUDIES IN THE CLINICAL Evaluation oF DISABILITY 


IN ANTHRACOSILICOSIS. 
P. A. THeopos, B. Gorpox, L. P. Lane and H. L. Mor.ey, Dis. of Chest 
17:249 (March) 1950 


Theodos and co-workers report on 375 hard coal miners who were in various 


stages of silicosis. The miners were between the ages of 29 and 79 years, with 55 


years as the average age for the whole group 


The underground exposure varied 
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from 3 to 64 years and averaged 32. Forty-seven miners were still working outside 
the mines; the remainder had stopped work for periods averaging 2.4 years. In 
150 cases the ‘clinical observations were correlated with studies of pulmonary 
function. 

Evaluation of disability requires recognition and consideration of all factors 
which may contribute to the impairment of function. Disability was related to 
one or more infectious, metabolic or degenerative conditions in 49.5 per cent 
of the miners. Cardiovascular disease was observed most frequently, occurring in 
18.4 per cent of cases. Active pulmonary tuberculosis was present in 12.5 per 
cent. Strain of the right side of the heart occurred in 16.2 per cent and showed 
a definite relationship to the degree of pulmonary emphysema. 

Disability was due to impairment of pulmonary function per se in 50.5 per 
cent of the miners; it was related to ventilatory changes, the degree of emphysema 
and the respiratory gas exchange. The factors involved were multiple in most 
cases 

A fair estimate of the degree of functional impairment can be obtained by the 
ordinary clinical methods when the major factors in the impairment are related 
to decreased ventilation and increased emphysema. Clinical examination will not 
reveal impairment due to arterial blood oxygen unsaturation. The step-up exercise 
test was of limited value in determining the degree of emphysema and of impair 
ment of pulmonary function. 

The degree of functional impairment was not proportional either to the amount of 
silicosis or to the length of exposure in a significant number of cases. 


Carson Monoxipe ANoxta: IntRAVENOUS ADMINISTRATION oF Procaine Hypro- 
CHLORIDE IN THE TREATMENT OF ACUTE AND Curonic Errects. Epwin W. 
Amyes, Joun W. Ray and Norman W. Brockman, J. A. M. A. 142:1054 
(April 8) 1950. 


The authors comment on the relative frequency of undiagnosed carbon monoxide 
poisoning, its clinical and laboratory manifestations and the usual forms of exposure 
and treatment. 

Thirty-three cases of carbon monoxide poisoning are reported. Nine of the 
patients showed prompt spontaneous recovery, | refused treatment and 23 received 
procaine hydrochloride intravenously. All patients who were treated showed 
carboxyhemoglobin eight hours after exposure and abnormalities of neural or 
mental status. 

Treatment consisted in administering intravenously 500 mg. of procaine hydro- 
chloride in 500 cc. of 5 per cent dextrose water or isotonic sodium chloride 
solution in the course of two hours. Other therapy was given as indicated. 

Detailed reports are made concerning 7 of the 23 patients. 

Seventeen of the 23 patients made good recoveries. Six who died or did not 
fully recover had an average age of 67 years. 

Consideration is given to factors such as duration and severity of exposure 
and hydration, and the probable action of procaine hydrochloride in carbon monoxide 


poisoning is discussed. Joun D. Rosuck, Boston. 


A Worksnop ror Severety Disantep Men. T. Fercuson, Edinburgh M. J 
56:187 (May) 1949. 


This is an attempt to solve the problem of the employment of severely 
disabled men in a highly industrial community, Glasgow, Scotland. 
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It was estimated that some £6,000 would be necessary for the enterprise, which 
was a “private company to provide facilities for persons registered under the 
Disabled Persons (Employment) Act, 1944, to have employment and to manufacture 
electro-thermic quilts, etc.” The aim throughout has been to keep medical super- 
vision of the workers in the background and to run the enterprise along ordinary 
industrial lines. Paralyzed men were employed, and apparatus and benches suitable 
for them were provided. Most of the men are employed in machining, element- 
wiring for the manufacture of electrically heated pads and blankets, and flex 
fitting, all sedentary jobs, The Ministry of Labour agreed to pay training allowances 
for twenty-six weeks of training for each person: allowance for single men, 
45 shillings per week; marriage allowance, 10 shillings; allowance for first child, 
4 shillings, and allowance for meals, 5 shillings. A basic wage of 2 shillings per 
hour was paid at the end of training, and other allowances were given as bonus 
Twenty houses were provided by the Scottish Branch of the British Red Cross 
Society. An ambulance service conveyed men living at some distance from the 
workshop to and from their work. The great majority of the men employed were 
severely disabled from gunshot wounds of the head and spine, heart disease, 
rheumatoid arthritis, etc. Three men had had both legs amputated. The average 
age of the men was 32 years 

The over-all absence of workers from all causes, sickness and others, amounted 
to some 7.5 per cent of the total number of working days. Some of the men 
had no absence ¢ver a two year period. After seven or eight months the production 
became fairly stabilized at a satisfactory level. The general atmosphere in the 
factory is excellent. Nine of the men taken into employment gave up work, 
some to take a better job, some in the desire to obtain more remunerative 
employment; 1 died from tuberculosis, and 3 left because of dissatisfaction with the 
work. 


The experiment has shown that severely disabled men can work successfully 
under carefully selected working conditions if the work provides a reasonable wage 
and the working conditions are good. 


From tHe BULLETIN oF HYGIENE. 


Environmental Conditions 


Tue Community Proptem. H. G. Dyxror, Indust. Med. & Surg. 19:102 
(March) 1950. 


The general increase and concentration of industry in recent years have 
increased the problems of air pollution. People are interested only in the effects 
of pollution and are convinced that the air of industrial areas is pathogenic, though 
indications of this are lacking. Certain pollutants may constitute a health hazard: 
others that are a nuisance, such as odors, may affect the well-being of people 
and thereby influence their health. Elimination of the latter may not be necessary, 
but a reasonable attempt to control them should be made. Material damage of 
property and vegetation may be caused, and also the sociologic implications of 
clean air are important in all housing areas when the whole community is being 
considered. Much work has been done to control the products of incomplete 
combustion of fuels, but the emissions of industrial processes are a far more 
difficult problem, the cost of control often being prohibitive. If the pollution is a 
health hazard, drastic steps must be taken; but if it is only a nuisance, consideration 
must be given to the community’s need of the economic support afforded by the 
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plant involved and to that plant's inherent right to reasonable operation. If 
legislation is found necessary, it should stipulate only the performance required, 
free choice of method being allowed. This control should be handled by each 
community; it should take two forms, the first, dealing with each plant in turn, 
to reduce the pollution in small areas; the second, a long range proposition to 
control the air for the whole community. It may be necessary for a community 
to have its own staff, under an industrial hygiene engineer, to affect control, 
and consultants may be available at a state agency. There is great need for 
research respecting long exposures to low intensities of contaminant and the 
effects on the very young, the aged, the hypersensitive and the ailing: meanwhile 
the control officer must use all the information that is available at present. Finally, 
education and good public relations must be given consideration: management 
is becoming more cooperative in fact finding, ready to admit offenses, and to 
spend large quantities of money to improve conditions. Many affected communities 
are spending large sums to reach a point where both the community and the 
industry can exist comfortably together. 


R. J. Suerwoop, Brookline, Mass. 


Ark POLLUTION AND THE Particie Size-Toxiciry Prostem. I. Hersert E. 
StTockINGER, Nucleonics §:50 (Dec.) 1949, 


After a section devoted to the general problems of industrial air pollution, the 
author discusses specific types of pollution, such as the pollution caused by beryllium 
wastes and by the toxic materials used in the uranium industry. The effects 
of various toxic materials are described 


From tHe Nuctear ScreNce ABSTRACTS. 


Activities OF THE STEEL INDUSTRY IN ApaTING AIR PoLLUTION. L. B. PAaTIN, 
Proc. Smoke Prevention A. Am. 42:44, 1949, 


Owing to the adoption of a countywide smoke ordinance in Allegheny 
County, of which Pittsburgh is a part, intensified efforts are being made to reduce 
the evolution of smoke and dust. Of the 26 blast furnaces in the county outside 
Pittsburgh, 14 furnaces will be equipped within about one year to clean all of 
the gas produced, and the other 12 have some degree of gas cleaning. Most of 


the latter will soon have to be replaced or rebuilt, so ten years has been given 


to bring these installations into complete compliance. New or rebuilt furnaces 
must not emit fly ash in the gases to exceed 0.50 Ib. per 1000 Ib. of gas, and at 
least 85 per cent removal of the total fly ash is required. The problem of the 
dusty gas evolved when the blast furance burden “slips,” owing to carbon accumu- 
lation or variations in the charge cannot be solved at present, and gases from 
open hearth and Bessemer furnaces are also difficult to clean by present means, 


although research is being carried out From CHEMICAL ABSTRACT 
3 4 


Stupres oN Hearne Loss or RatLway Encine Empctoyees FInanp. 
Lusio, Acta oto-laryng. 37:539 (Dec.) 1949 


A total of 203 men working on railway engines, over half of whom were 
engine drivers, were studied by Lumio in the Oto-I aryngologic Clinic of Helsinki, 
Finland. The aim was to discover whether this work predisposes to infectious 


diseases of the ear and to hearing impairment due to noise 
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The past histories revealed that 17.7 per cent had had infectious diseases 
of the ear before working on engines but only 108 per cent diseases of the 
ear which began during such employment. Thus, working on engines does not 
seem to promote infectious diseases of the ear 


Tests of auditory acuity showed that 11.3 per cent had impaired hearing for 
ordinary speech with both ears. The hearing for whisper was reduced bilaterally 
in 44.8 per cent of the cases of impairment. The audiograms showed deviations 
from the normal in 78.8 per cent. The changes were usually comparatively slight 
but directly proportional to age and years of service. It can thus be said that 
working on engines causes occupational hearing loss, which is usually not of 
an extent to endanger traffic safety. 

The author feels that the following measures would reduce occupational 
hearing loss in men working on railway engines: moving the whistle farther away 
from the driver's cabin, lowering the high tone frequency—3,500 Hz.—of the 
signal and discarding oil-driven engines 


Determination of Air-Borne Contaminants 


Particle DeTeERMINATION IN Rapioactive AEROSOLS BY Rapio-AUTOGRAPH. 
J. A. Leary and Francis J. Firzcissox, Atomic Energy Commission Docu- 
ment 2791, June 7, 1949, declassified; Jan. 18, 1950 


A radioautographic technic has been used to study particle size distribution 
in an aerosol of an alpha ray-emitting compound. By counting the number of 
tracks in the emulsion for a given exposure time, the size of each emitting particle 
could be calculated from the following derived formula: d= (Ke/t)'4, where 
¢= number of tracks in emulsion from particle of diameter “d” microns, t= 
autograph exposure time, and A = constant. The distributions observed on a 
series of filter papers for determining the removal efficiency for particles in the 
feed to and discharge from an air decontamination plant are shown. Particles 
as small as 0.2 » have been accurately determined in aerosols containing as little 


as 0.8 “ug active material per liter of air 


From Nuctear AssTrRacts 


Tre DeTreRMINATION oF Low CONCENTRATIONS OF HyprRoGEN SuLFipe GAS BY 
rHe Meruyiene Biue Merion A. E. Sanps and others, United States 
Department of the Interior, Bureau of Mines, Report of Investigations, 
no. 4547, September 1949 


The authors state that low concentrations of hydrogen sulfide in gas may be 
determined rapidly by this colorimetric method. Results can be obtained in less 
than a half-hour, and if the gas contains 0.05 grain per cubic foot of sulfur as 
hydrogen sulfide, only 0.1 cu. ft. of gas need be passed. The hydrogen sulfide 


is collected in 2 per cent zinc acetate solution, and the reagent consists of 0.15 Gm 


of sulfate of p-aminodimethylaniline dissolved in 150 ce. of 2.1 sulfuric acid. The 


procedure for testing is given. Tests have been made on synthetic mixtures of 
carbon monoxide and hydrogen from cylinders and also on coke oven gas, 
carburetted water gas and blue water gas and the method found to be 
suitable. Carbon disulfide and thiophene do not interfere with this method, 
and the effect of mercaptans, which cause a pink color to form, can be eliminated 
by the use of a proper wavelength for the colorimetric comparison 


R. J. Suerwoop, Brookline, Mass. 
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ELECTROLYSIS IN THE DETERMINATION OF MICROQUANTITIES oF Leap, CoprER, 
anv Zinc 1n Stupies or Arr. F. D. Saixkuvarcer, Zavodskaya Lab. 1§:1165, 
1949, 


Rapid electrolytic determination of trace amounts of metals in air samples by 
a microapparatus is described. The apparatus is a rotating vessel with stationary 
electrodes. For lead and copper determinations the current (c. d.) should be: 
2-5 ma. per square centimeter at the anode and 1-3 ma. at the cathode; the total 
current should be less than 50 ma. at 2.2-2.6 v. with 2 per cent nitric acid electrolyte 
at 50-60 C.; after deposition the metals are dissolved and determined in solution 
by colorimetric or nephelometric methods. The determination of zinc uses 
0.1 normal sodium hydroxide solution electrolyte, 30-250 ma. current, and 5-10 v. 
on copper or mercury cathode with platinum anode; Frid’s apparatus is 


recommended. From CHemicaL ABSTRACTS. 


Free anp Comprnep Rocks MINERAL Strata. L. Peretti, Med. 
d. lavoro 40:82 (March) 1949. 


The mineral composition of a dust is an important factor in the causation of 
silicosis, and in this article a detailed examination is made of the rocks and 
minerals commonly met with in industry and having a bearing on the occurrence 
of pulmonary disease due to dust. The subject is divided into seven sections 
dealing with rock formation, free and combined silica in minerals, silica and 
quartz in the intrusive, sedimentary and metamorphic rocks and in the mineral 
strata; another section describes the petrographic characters of the different 
forms of free silica occurring as minerals, that is, as quartz, tridymite, cristobalite 
chaicedonic forms, diatomite, etc. The physical characters and the chemical 
composition of many of the minerals are given. The conclusion to be drawn from 
this survey is that quartz is the commonest of all rock-forming minerals and 
that quartz-bearing rocks are more prevalent than rocks without quartz. Many 
of the minerals worked lie adjacent to strata containing free or combined silica. 


From BuLietin or HyGIEene. 


Ventilation, Air Conditioning and Engineering Control 


Fire anp Exprosion. J. H. F. Smrrn, Indust. Safety Survey (I. L. O.) 25:121 
(Oct.-Dec.) 1949, 


The author, who is H. M. Inspector of Factories, Engineering and Chemical 
Branch, London, first outlines the great hazard of explosions and of those types 
of fire that spread so rapidly that workers are unable to reach safety exists. 
As a result of legislation, serious accidents due to the explosion of pressure 
vessels are rare, but explosions associated with a heat source are not uncommon. 
There are many methods of eliminating the risks and of minimizing the consequences 
of a failure in operation; for example, by providing sills around vessels which 
contain inflammable liquids to prevent these from leaking into the drainage system. 
A case of a dust explosion is given, occurring in a starch factory where the 
process had remained unchanged for nearly a hundred years. There is often 
greater risk of explosion occurring inside the equipment; the author gives many 
examples of explosions that have happened, and some of the many methods 
of control that are available. Prevention of the occurrence of inflammable mixtures 
is the most satisfactory method, and if that cannot be done, it is wise to assume 
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that sooner or later an explosion will occur, even if all foreseeable sources of 
ignition are removed. Allowances for this should be made—for example, by 
subdividing the plant, making the plant explosion proof or providing explosion 
reliefs; or finally, if those things cannot be done, by using automatic devices and 
insuring that, if explosion does occur, no workers will be sufficiently near to be 


injured. R. J. Suerwoop, Brookline, Mass. 


Pressure-Revievinc Capacities or DiapHracMs AND Orner Devices For 
Ventinc Dust Exptosions. Joun Nacy, J. E. and Irvine 
HARTMANN, United States Department of the Interior, Bureau of Mines, 
Report of Investigations, no. 4636, January 1950 


A series of explosion tests was made in a chamber of 64 cu. ft. (about 2 cu. M.) 
capacity in which various diaphragms and swinging panels were fitted into a 
vent opening. Coal or aluminum dust was dispersed from small paper bags 
by means of detonators. The suspended cloud was then exploded by a guncotton 
charge; this was found to be much more violent than when the cloud was 
formed by means of a compressed air blast. Venting requirements are found to be 
more severe than is indicated by R. [. 3924. Seventeen types of diaphragms were 
investigated, including paper, cloth, plastic and metal foil; two panels hinged 
at the top were tried, and three types of scored and unscored glass panes. 
Comparisons were made with a free opening. It was found that with coal dust the 
maximum pressures attained in the chamber depended on the type of diaphragm, 
and a table is given which shows the order of effectiveness of the different materials 
in venting explosions; thickness of the diaphragm also influences the rise of 
pressure. The nature of the material made little difference in explosions of 
aluminum powder, owing to the more rapid rise of pressure, which is more 
difficult to vent; glass panels broke at lower pressures in these explosions than 
in those of coal dust, diagonal scoring of the glass decreasing the resistance to 
pressure considerably. A study of the static bursting strengths of the materials 
indicated that they were roughly inversely proportional to the pressure-relieving 
capacities. Tests are being continued, and the publication of further information 


is planned. R. J. SHerwoop, Brookline, Mass. 


Dust Controt: A Comparative Stupy or Two Tyres or Jack Hammer. P. 
Lepent and R. Briptor, Communication no. 68, Institut d’Hygiene des Mines, 
Hasselt, Nov. 24, 1949. 


This paper describes tests carried out by the Belgian Bureau of Hygiene of 
Mines on two types of jack hammer working on an 80 cm. thick coal seam embedded 
in schist. One rock-drill was fitted with a rubber hose to remove the dusty air 
and to discharge it 2 meters behind the operator; the other type was not fitted 
with any dust control equipment. A technical description of the rock-drills and 
extensive information concerning the conditions under which the tests were made are 
given. A general ventilation rate of 360 to 400 L. per minute was maintained 
during the test. Gravimetric determinations of the dust collected on filters placed 
270 cm. behind the cutting face indicated a dust concentration of 138 mg. per 
cubic meter with 27 per cent residue after combustion for the normal hammer and 
100 mg. per cubic meter with 24.5 per cent residue for the hammer fitted with 
exhaust equipment. Dust counts at the same points, made with the midget impinger, 
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were 1,310 and 1,220, respectively, per cubic centimeter. The conclusion reached 
is that deflecting the dust from the cutting tool offers only small improvement 


in the working conditions. D A. Desnax Boston 


Accidents and Their Prevention; Protective Equipment 


Evectricity tn Factortes Unper Conpitions or Srectat FLaMMasitity. H. W. 
Swann. Indust. Safety Survey 25:81 (July-Sept.) 1949. 


This paper outlines methods of obviating risk of fire from electrical apparatus 
in factories having specially inflammable conditions and illustrates types of elec- 
trical equipment for use in these conditions used in Great Britain. References to 


ish stands are given. i 
British standards are given R. J. Suerwoop, Brookline, Mass. 


Bases ror Prevention or Inpustriat J. C. pe Lima Ferreira, 
Med. depor. y trab. 18:2332 (March) 1949, 


TREATMENT oF Accipents During Work: Conception or “INTEGRAL ASSIST 
ANCE.” J. P. Reoct, Med. depor. y trab. 14:2748 (Sept.) 1949. 


Legal Medicine 


INsuRABILITY OF Atomic ENercy Workers. H. M. Parker, General Electric 
Company, 1948, 


The purpose of this pamphlet is to describe the facts concerning the life 
expectancy of atomic energy workers in the light of the best present knowledge, to 
discuss the estimated validity of such knowledge, to remove hysteria on the one hand 
and to suggest legitimate areas of safeguards for insurance writers on the other. The 
damaging effects of ionizing radiation are stated in the subdivisions on acute 
exposure and chronic exposure, with special reference to possible effects on the 
life span of the individual. Estimates of the shortening of life are applied to the 
Hanford Works operating experience. The known operating risks for the future 
are indicated. Compensating increase of life span, compared with such occupations 
as normal chemical manufacture or radiation therapy, is expected to arise from 
the extensive medical and industrial safety controls applied in the field of atomic 
energy. The validity of present day permissible exposure limits is discussed 
Legitimate safeguards for those proposing to write insurance without extra 


remium are proposec 
i proposed NucLEAR SCIENCE ABSTRACTS. 


Lecat Asrects or INpuUsTRIAL MepIcINe . Larres, Indust. Med. & Surg. 
19:4 (Jan.) 1950. 


Lattes, of Pavia, Italy, who has been for several years a consultant in legal 
industrial medicine in Buenos Aires, Argentina, says that the responsibility of the 
industrial physician does not stop with treatment; he must also protect the rights 
of the worker. Medicolegal criteria must be applied whenever the rights of the 
worker conflict with those of the employer 

Since the industrial physician sees the patient first, he can often discover 
evidence of the accidental or toxic nature of the disease, which is of greatest 
juridical importance. In industrial legal medicine it is called the problem of 
“an debeatur”—that is, the problem of whether or not the right to compensation 
exists 
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These problems have been simplified to some extent by insurance against com- 
mon sickness, so that the injured worker can in any case claim compensation. 
But accident and sickness insurance are nearly always separate contracts; hence 
there is not only the problem of whether the worker should be compensated but 
also of who shall compensate him. In Argentina, for example, the employer must 
compensate the worker for sickness by paying up to six months’ salary, whereas the 
insurance company is considered responsible for accidents and occupational diseases 
and must pay half of the worker's salary for an indefinite period of time. There- 
fore, if the worker suffers a minor accident and looks forward to a short period of 
incapacitation, he chooses to be compensated by the employer, forgetting the medico 
legal reports which establish the accident. This creates disputes between employer 
and insurance company. On the other hand, both employer and worker are inter- 
ested in considering any sickness of long duration, or for which permanent incapaci- 
tation is foreseen, as accidental or occupational and, therefore, compensable by 
the insurance company for an indefinite time 

The author calls attention to the tendency to erase all differences between 
sudden damaging causes and slow ones, between exclusive and concomitant causes 
in a word, between accident and occupational diseases This concept transforms 
practically all workers’ sicknesses into occupational diseases and implies a revolution 
in legal protection, giving it the much broader outlook of social security. Ultimately 
there would be no distinction between industrial risks and risks of common 
sickness. Nevertheless this concept does not find much acceptance—not even in 
England and in Russia, where the socialization of medicine is most prevalent. 

There is no doubt that monetary compensation lengthens the period of sickness, 
for the uncompensated patient feels compelled to return to work. In order to 
convince a worker to accept discharge from the hospital and return to his job, 
insurance physicians used to emphasize the advantages of recovering full salary. 
Now, in Argentina, this inducement no longer exists; for trade union agreements 
force the employer to pay full saiary (if he is not insured) or to make up the 
half-salary paid by the insurance company. Consciously or unconsciously, the 
worker often tends to prolong incapacity by pretending still to suffer pain or 
functional limitation. 

In the medicolegal problem of compensation, the clash of interests make con- 
troversies inevitable. Should the physician support the employer's interests or 
those of the worker? He should remember that the aim of social laws is justice 
and not abuse; and that it is necessary to consider all the interests involved. 

The physician's work consists, above all, in the defense of scientific truth. 
Medicolegal experts should remember that protection of the worker does not 
entail support of exaggerated claims or attempts to get the maximum amount of 
money but involves only the defense of legitimate interests. 


Radioactive Substances and X-Ray 


Rapration Survey or X-Ray Output or an ELectron Microscope FrRoM 
PERSONNEL Hazarp Viewpornt. L. B. Sitverman, S. B. and 
M. A. GreenFieLtp, Atomic Energy Commission Unclassified Document-384 
(UCLA-37), July 26, 1949. 
Results of a radiation survey of a 50 kilovolt electron microscope are presented. 
Radiation levels from viewing ports were above tolerance. The hardness of the 
roentgen radiation corresponded to half-value thicknesses of 1 to 2 mm. of aluminum. 


From Nucrear Science ABsTRACTs. 
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Tue Vatvue or Bioop Counts 1n Inprvipvats Exposep to Iontzinc RADIATION. 


N. P. Knowrton Jr., Atomic Energy Commission Unclassified Document-397, 
nd. 


A study of the blood counts of 10 men exposed to about 0.2 r. of gamma rays 
per week for 117 weeks showed a small but significant decrease in the white blood 
cell, absolute neutrophil and absolute lymphocyte counts. A control group of 117 
persons showed no such change, while a group of 46 people exposed to 0.01 to 0.1 r 
per week showed a slight but not very significant decrease in these blood elements. 
It was concluded that although the routine blood count is a poor detector of 
radiation injury, it is the best clinical test available. 


From Nucrear ScieNcE ABSTRACTS. 


Low Activity Hoops. J, P. Frrzparricx, N. G. Bonin and S. S. Gorn, Atomic 
Energy Commission Unclassified Document 617(ANL-4336), May 20, 1949. 


A hood is being developed to replace existing low activity hoods for work 
involving alpha and soft beta radiation. The two experimental models described 
here provide better ventilation, visibility, ease of decontamination and greater 
convenience to the operator setting up or ranning am experiment. 


From Nuctear Science ABSTRACTS. 


Deposition AND Fate or Piutonitum, Uranium AND THEIR Fission Propucts 
InHALED as AgERosots sy Rats anp Man. K. G. Scort, D. AxELrop, 
J. Crowvey and J. G. Hamitton, Arch. Path. 48:31 (July) 1949. 


Aerosols of plutonium, uranium, their fission products and protoactinium were 
given to rats and to 1 human subject. The elements deposited in the head and 
the bronchial tree were rapidly removed by ciliary action and excreted through 
the intestine. Four days after exposure the lungs contained the greatest amount, 
and this gradually decreased. Small amounts were eventually deposited in the 
skeleton, but none in the blood vessels or the lymph nodes. 


From CHEMICAL ABSTRACTS. 


Tue Raptation Hazarvs or Raprormerapeutic Starr. J. R. Nutra, Brit. 
J. Radiol. 23:35 (Jan.) 1950. 


Nuttall discusses cutaneous damage, hemopoietic effects and effects on the 
reproductive organs. He shows that danger to medical and technical personnel 
in the department of radiotherapy arises almost entirely from radium or radon 
in containers, either applied to the patient in molds or inserted interstitially or intra- 
cavitarily. Much greater quantities of radium are employed in beam therapy, but 
it is possible to arrange for the radium to be heavily screened. It is unusual for 
either the therapeutist or the radiologist to need to enter a treatment room during 
high voltage roentgen therapy, and such therapy carries the least occupational 
hazard. Superficial therapy is usually carried out under similarly protected 
conditions, though the need for someone to hold children having treatment for 
hemangiomas or for ringworm introduces an element of danger, probably best 
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overcome by using the children’s relatives for this purpose. The danger of 
cutaneous effects appears to be small, but the fact that cancer has developed in 
badly damaged areas, and occasionally at a distance from these areas, indicates 
that it would be wise to limit exposure of the skin to the lowest level compatible 
with work. Hemopoietic changes remain the major danger to workers. The 
higher incidence of leukemia observed in radiologists may be another indication 
that protracted radiation exposure insufficient to cause serious immediate damage 
may induce cancerous change later. Knowledge of genetic effects in man is 
necessarily imperfect, but it becomes increasingly obvious that reducing the gonadal 
dose to the lowest possible level should be one of the major objects of protection. 
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Book Reviews 


Health Hazards in the Manufacture of Alkaline Accumulators with 
Special Reference to Chronic Cadmium Poisoning (in English). 
By Lars Friberg. Pp. 124, with 20 illustrations and 25 tables. Ivar Hagg- 
stroms Boktryckeri, A. B., Stockholm, Sweden, 1950 


The first section of this monograph describes in detail clinical investigations 
made on 58 employees engaged in the manufacture of nickel-cadmium batteries. 
It is shown beyond question that some of these employees suffered certain health 
disabilities as a result of their work. In-the nickel-cadmium battery the positive 
lement contains approximately 80 per cent nickel hydrate and 20 per 


el é cent 
graphite; the negative element, 60 per cent cadmium 


(as oxide), 25 per cent 
iron (as oxide) and 3 per cent kerosene as a binder. The severity of the dust 
exposure prior to the installation of extensive ventilation equipment was approxi- 
mately 3 to 15 mg. of cadmium and 10 to 150 mg. of nickel per cubic meter of 
air. Ninety-five per cent of the cadmium-iron dust and 85 per cent of the nickel- 
graphite dust was in the particle size range below 5 microns. Outstanding 
clinical signs and symptoms were: tiredness, shortness of breath, impairment 
ot sense of smell, cough and sensation of dryness in the mouth. Detailed 
examinations of lung function were made with a spirometer, and according to these 
a significant number of men had pulmonary 


emphysema, demonstrated by “a 
heightening of the residual capacity of the lungs in relation to their total capacity.” 


Chest roentgenograms showed little evidence of pulmonary emphysema. Other 
objective findings were: (1) Proteinuria. The urine was tested with 25 per cent 
nitric or 25 per cent trichloroacetic acid. From electrophoretic mobility and 
ultracentrifugal analysis, it was estimated that this protein had 
weight of between 20,000 and 30,000. (2) 


a molecular 
An increase in the blood sedimentation 
rate. (3) Hepatic injury of mild degree in a few cases. (4) Renal injury of a 
mild degree as shown by a lowering of the concentrating ability of the kidney in 
% cases and a reduction of the inulin clearance in 8 cases. (5) Dental changes in 
the form of yellow coloring on the proximal part of the front teeth. In 13 of 41 
cases the physical working capacity was reduced as measured by the cycle-ergometer. 

Experimental dust inhalation studies were carried out on rabbits with a mixture 
of cadmium-iron dust and nickel-graphite dust. Also, cadmium sulfate solution 
was injected subcutaneously. In both sets of inhalation experiments injury of 
the lungs occurred in the form of inflammatory, emphysematous and _ atelectatic 
changes. Proteinuria appeared in the rabbits which had been exposed to cadmium- 
iron dust or which had been given injections of cadmium sulfate. 

The human subjects showed no symptoms if they had less than four years’ 
employment, Among the more advanced cases prognosis, according to the author, 
seems to be relatively poor. The author accepts 0.1 mg. of cadmium per cubic 
meter of air as a safe concentration in which to work. 

The contention that the disabilities observed among this group of workers 
are due to chronic cadmium poisoning is definitely not proved. 
experimental work 


Certainly more 
is needed in exposing animals to single components of the 
electrode materials as well as to mixtures of the various materials, so that the 
question of synergistic action can be evaluated. 

SHERMAN S. 
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Mental Hygiene in Public Health. By Paul V. Lemkau, M.D. Pp. 3%. 
Price $4.50. McGraw-Hill Book Company, Inc., 1949, 330 W. 42d St.. New 
York 18; Aldwych House, Aldwych, London, W.C. 2 


This book, by the director of mental hygiene study at the Johns Hopkins 
School of Public Health, is intended as a basic text in mental hygiene practice 
for nonpsychiatrically-oriented public health officials and public health nurses. 
It reviews in detail the present status of State-administered mental hygiene 
programs throughout the country, and notes the increasing tendency for these 
to be made the responsibility of public health departments. The major part of 
the book consists of a review of the development of the individual from conception 
to death, in which the physiologic changes and the typical social adjustments which 
accompany each stage are stressed, along with the opportunities which ‘public 
health agencies have in their routine associations with individuals to offer pro 
phylactic counseling in critical life situations, as well as to make intelligent referrals 
to psychiatrists and commitments to mental hospitals The conclusion stresses 
the importance of developing research in mental hygiene methods, hoth in schools 
of public health and in the field. Data particularly needed are those pertaining to 
the adjustment of normal persons and to the effectiveness of prophylactic methods. 

The author pays tribute to industrial psychiatry, regarding it as the field in 
which the epidemiology of mental disease has been most clearly recognized, and in 
which prophylaxis can be accomplished by treating or removing the disturbing 
human agent 

Dr. Lemkau describes the ordinary crises in life which must be successfully 
resolved if the human being is to build a sound personality structure, capable of 
resisting subsequent strain; however, he avoids any systematic discussion of 
counseling technics by which a public health officer or nurse may assist in meeting 
these crises. The farthest he goes in this direction is to include case histories 
from the research clinic in parent-child relationships in Baltimore with which 
he is associated. Study of these case histories reveals a situation-centered approach 
which makes use of a common sense type of counseling and avoids therapy; no 
attempt is made to deal with material hidden in the patient's unconscious, and no 
criteria are presented to help the practitioner detect the presence of unconscious 
conflicts which would indicate a psychiatric referral. Inasmuch as the clinic has 
been operating since 1934, the cases cited usually cover a period of some years, 
and the reader may justifiably question whether the disappearance of the presenting 
symptom is due to prophylactic counseling at the clinic or to the normal course 
of development. One may question whether public health officers who are to do 
case finding and counseling in the field of emotional disturbance should be sent 
forth without any comprehensive account of dynamic psychiatry, as Dr. Lemkau 
appears willing that they should be. He makes no mention, for example, of such 
a central and useful concept as that of transference, though any worker in the 
field of interpersonal relations is likely to have the fact of transference uncom- 
fortably thrust on him, and to be unable to handle it successfully unless he has 
access to psychiatric guidance. 

Unfortunately, one must say that this book taken by itself does not fore- 
shadow any advance in dynamic psychiatric orientation on the part of public 
health officers, but represents the bare minimum of regard for the individual in 
his total life situation which one should reasonably be able to expect from those 
in the public health field at the present time. 
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Industrial Microbiology. By Samuel C. Prescott and Cecil G. Dunn. Pp. 923, 
with 124 illustrations. Price, $9.50. McGraw-Hill Book Company, Inc., 330 
W. 42d St., New York 18, 1949. 


This considerably expanded second edition appears nine years after the original 
one. Instead of having the chapters grouped in four main parts as in 
the original edition, the new book has thirty-eight ungrouped chapters and 
two appendixes. 

Students of bacteriology realize the embryonic nature of that branch of biologic 
science known as industrial bacteriology and the difficulty of treating the subject 
systematically. The inclusion of microbes other than bacteria adds more difficulties 
to the treatment of the subject. To avoid these difficulties, this book deals 
primarily with the industrial employment of these organisms and with the use- 
ful organic compounds formed as their metabolic products. It describes in 
detail the different processes used for industrial production, the factors that 
influence the production and the precautions that ‘should be taken to avoid 
undesirable effects during the process of production. Many of the processes are 
illustrated by diagrams or flow sheets or both. The biochemistry of the formation 
of the microbic product or products is described to the extent of presenting the 
most up-to-date theory or theories available in the literature. 

As a book on microbiology, it suffers from an inadequate treatment of the 
biology of each of the microbes involved in the industrial processes. The plan 
of describing these microbes generally as groups does not furnish sufficient 
information on the morphologic, physiologic and cultural characteristics of each 
of the microbes, information which is usually needed for isolation, identification 
and other studies of the organisms before these are used in industry. This 
drawback, however, is to an appreciable extent compensated for by the rich 
bibliography presented in and at the conclusion of each chapter. 

Since these authors adopted the new classification of bacteria described in 
the sixth edition of Bergey's “Determinative Bacteriology” (1948), it might have 
been more consistent to group Actinomyces and Streptomyces under bacteria 
rather than under fungi. Bacillus anthracis is a gram-positive bacillus and 
should not be listed under gram-negative bacteria in table 165 (page 767). An 
explanation is also needed for the two columns of figures listed in table 165. The list 
of antibiotics in tables 150 to 152 is incomplete, judging from the number of 
antibiotic substances reported up to that date. For instance, substances such as 
antismegmatis factor, chlorellin, chlororaphin, clitocybin, colistatin, curling factor, 
dihydrostreptomycin, diploicin, Escherichia coli factor, endosubtilysin, “F” factor, 
hirsutic acid, lateritiin-II, micromonosporin, myococcidin, mycomycin, pleurotin, 
pyo I, II and IV, and usnic acid are missing in these tables. There are also 
quite a few typographic errors in the book. 

This book is valuable to students of microbiology who are interested in the 
industrial application of microbes. The extensive as well as intensive bibliography 
in the book makes it a valuable source of information for research students 
in the field of industrial microbiology. 


Sain L. Canc, M.D. 
Associate Professor of Sanitary Biology, Harvard University. 
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when @ Weakened by hunger and pursued by relentless temp- 
tations, her already meager powers of resistance are 
nearly exhausted. At this point, the judicious use of 
there's Desoxyn Hydrochloride can avert complete surrender. 
With Desoxyn, small doses are sufficient to produce 
the desired cerebral effect—anorexia, elevation of mood 
no escape and desire for activity—with relatively few undesirable 
side-effects. One 2.5-mg. tablet before breakfast and 
another about an hour before lunch are usually sufficient. 
from forbidden Some patients may require a third tablet about 3:30 
in the afternoon, Medication after 4 p.m. may cause 
insomnia in some persons. With small oral doses, no 
pressor effect has been observed. 
Smaller dosage is possible because, milligram for mil- 
ligram, Desoxyn is more potent than other sym- 
pathomimetic amines. Desoxyn also has the 
advantages of faster action, longer effect. 
Why not give it a trial? Unless con- 
traindicated, small doses are harmless 
—can add many weeks to the life 
expectancy of the 


reducing diet. Abbott 


See that the Rx reads &- 
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® 
DESOXYN 


hydrochloride 


(Methamphetamine Hydrochloride, Abbott) 


Tablets 
2.5 ond mg. 


Elixir 


20 mg. per fuidounce 
(2.5 mg. per fluidrachm) 


Ampoules 


20 mg. per cc. 


ie 
i 
om 
j 


SIMPLE TEST PROVES INSTANTLY 
PHILIP MORRIS ARE LESS IRRITATING 


Now you can confirm for yourself, 
Doctor, the results of the 


... light upa 

Puitip Morris 
Take a puff — DON’T INHALE. 
Just s-l-o-w-l-y let the smoke come 
through your nose. AND NOW 


... light up your 
present brand 
DON’T INHALE. Just take a puff 


and s-l-o-w-l-y let the smoke come 
through your nose. Notice that bite, 
that sting? Quite a difference from 
PHILIP Morris! 


With proof so conclusive . . . with 


your own personal experience added 


to the published studies* . . . would 
it not be good practice 
to suggest PHILIP Morris 


to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 


*@Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245; N. Y. State Journ. Med., Vol. 35, 6-1-35, No. 11, 590-592; 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngoscope, Jan. 1937, Vol. XLVII, No. 1, 58-60 
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